This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


MYPL  HESEARCM 


3"'343'3'"'066344'l0  6 


I 


JOURNAL 


OF  THE 


INSTITUTION   OF 
ELECTRICAL    ENGINEERS, 


INCLUDING 


IGINAL    COMMUNICATIONS  ON   TELEGRAPHY  AND 
ELECTRICAL  SCIENCE. 


BLISHED  UNDER  THE  SUPERVISION  OF  THE  EDITING  OOXXITTEE, 

AND   KDITED   BY 
W.  G.   MCMILLAX.  SECRETARY. 


VOL.  XXIX.    1899-1900. 


XonOoit: 
E.  AND  F.  N.  SPON,  Limited,  125.  STRAND,  W.C. 

Hew  Bork: 
Sl»ON  AND  CHAMBERLAIN,  12,  CORTLANDT  STREET. 

1900.  \ 


I 

1 


I 


TABLE  or  CONTENTS. 
VOL.  XXIX. 


Koeeaiif^fi  of  the  11ir€e  Hundred  and  Thirty-Fifth  Ordinary  General 

imnici^  *«•        «fcf        «iii        ***        *»         ***        »««        **r        -'* 

%Q  Obmry   **»       ,**       *.*       ^**       **n       .»-       *,.       **> 

taoi  llie  Home  Sccrebuy  acknowledging  Addrtss  to  the  Queen 

Ow  ocQMion  cf  her  Soifi  btrtlid*iy    

Huber  acknovt  I  edging  Album  presented  to  him  on 
of  the  SvvJHH  Reunion 
Mr.  Henry  Wiitk,  F.R.S.,  Honorary  Member,  offering  to 
lotiic  Institution  £1,500  to  form  21  Bencvolcni  Fund,  wilh 
the  cvohitioti  of  the  dynamo^clectric  machine 

til  Iteiikslci  Mr.  H.  Wi Me        ...         , 

if   Frcmium*  ia  Mcs&tk  P,  V,  McMahon,  W.  Duddcll, 

W-  Mniri^bant,  U.  S*i»ro»ni,  O.  Lodife,  Mrs.  H,  Ayrton,  Messrs* 

J.  EtUm   Ycftmj;,   W.   Q.   Ho >-»!- Dawson,   M,   R    Gardner.   R    l\ 

Hovgia^r^^nOiamt    L,    VV^ilson,    U  U.  Mor?hc*id,  and    H.    M. 

of  Sakanoni  Htholar^hip  to  Mr  H.  J.  ThtHmon 
iMr.  J*  W.  Sswan)  in  v;M^ling  the  Cluir    , 
ff  til  Thaaks  to  the  cx-PrefJtdcnt,  Mr.  J.  W.  Swan,  ¥  MS,  ?— 

Sir  Hmry  M^ii;« ., 

Ilr.  .\,  Stancn*       ...  „,       .„, 

Mr,  I  W.  Sw*in  in  acknowkdgincnt 
ItaatoTMi    Addres*   tif    the   new    Fre^idmt,    Pnrfe^ior    Silvanu*    F. 

TlM3aip»cm«  D.Sc,,  VMS 
Volt  q(  TtiMik»  to  the  (V^dcnt  k*f  hh  Address  :— 

tMr  R- Kayc  Gmy  .. 
Mr  W  M  Mortlev 
Dm  Ptctfdieiitdn  rephi 
M^ 
ttfcn 


u 
u 
ri 

13 
13 
14 
35 
3f' 


of  the  Thfttt   Hiutdrcd  and  Thirly-ttxth  Ordinary 
M^tfaK,  t»dd  Smtmbm  ij.  iKqq  :— 


General 


of  ^Khibilkin  of  Swiss  Photographs 
ol  Meeting  lo  be  ttctd  in  Hari^  in  jqck^ 
In  Mt  }  HQlim^y 


!▼  •       CONTENTS. 

Influence  of  Cheap  Fuels  on  the  Cost  of  Electrical  Energy," 

by  Mr.  R.  E.  Crompton,  Past-President  < 

Discussion  on  the  above  Papers  : — 

Mr.  S.  Z.  de  Ferranti ; 

„    C.  E.  Stromeyer ', 

„    Dugald  Clerk      J 

„    H.W.Miller       ! 

„    B.Blount 1 

„    G.  L.  Addenbrooke       1 

Election  of  New  Members      i 

I'roccedings  of  the  Three  Hundred  and  Thirty-Seventh  Ordinal y  General 

Meeting,  held  on  December  7,  1899  : — 

Transfer 1 

Donations  to  Library 1 

Announcement  of  Preliminary  Meeting  of  Newcastle-on-Tyne  Local 

Section         

Continuation  of    Discussion    on    Mr.  Crompton's    Paper,   "  Cost    of 

Steam  Raising,"  and  Mr.  Holiiday's  Paper,  "Influence  of 

Cheap  Fuels  on  the  Cost  of  Electrical  Energy" — 

Mr.  U.  E.  Crompton 

Professor  J.  Perry      

Mr.  J.  N.  Shoolbrcd 

„    H.  L.  P.  Boot      

„    W.  Geipcl  

„    A.  J.  IvJivvson       I 

Professor  K.  H.  Smith  1 

Mr.  F.  J.  Appleby      l 

„    Bryan  Donkin  (communicated)  1 

„    W.  Huskisson  (communicated)  i 

„    Crompton  (in  reply)      1 

„    Holliday  (in  reply,  communicated) 1 

Election  of  New  Members      1 

Proceedings  of  the  Three  Hundred  and  Thirty-Eighth  Ordinary  General 
Meeting,  held  on  December  14,  1899  • — 

Transfers ] 

Donations  to  Library 

Announcement  by  the   President  of  formation  of  Local  Sections  in 

Newcastle,  Glasgow,  Dublin,  and  Cape  Town       

"Electrical  Time-Service,"  by  F.  Hope-Jones         

Discussion  on  the  above  Paper  : — 

Mr.  A.  J.  Lund  

„    Haydn  T.  Harrison        

„    J.  S.  Raworth      

„    A.  H.  Bateman 

„    W.  H.  Stockall 

The  President 


c 


CONTENTS. 


I  on  Mr.  Hopc-Joncs*  Paper  [attiiinucii)— 

Mr,  Kd^:M  Worthingtoii 

i*f*»fc%v>r  Ayrtofi        *. 

Mr  G.  W.  KriidHham 

Optiin  F.  E.  D.  Aclaiid      

Mf.  W.  EUb  totHtinmniailcdl         ..,        ..,        

Mr.  Hcip^Jones  (in  rq>]y)    ... 

Tl»c  Prcuklent ... ,. 

km  1)1  New  Mrmbcr» 

OlBiiOCAi.    C4>iiMC!NiCATioN*    by   Ale?£an<tcr    Russell,    M,A.,    Memher, 

I**  Sow  Condenser  and  dioking  Coil  Cnrrents  Vary  witli 

I  Shape  of  th©  Wave  of  the  Applied  E.M,F 

:\iLxtUiS  — 
BepoTt  of  Committee  on  Copper  Conductors  ... 


146 
147 
H7 
148 
149 
151 

I  $3 


154 


169 


I  if  the  Mcctitig  hi'lU  III  -i^ijridi  nn  September  6^  t^*'fi  * 

Eht   Ptilisfttion    of  the  SdukfflukUfien  Water- Power/'  by 

MfwA  Am&kT,  t'h.D *        p^.        ...        

ofs  the  abcn'c  Paip^rr— 

Hr.  G.  Kapp    ...        ., 

«    E.  K.  Scoit 
PMcsaor  J.  Pcfiy     ... 

F.  PnWI 

Mr.  A- UcWingcr 

„    G,  L.  Addcnbitiokc 
The  Presidcnl  (Professor  S.  P.  Thompason) 
ProleMor  R.  Thrctfalt  (in  mo^'ing  vote  of  th^k^  to  the  SinH 

of  the  Ztirich  B*Jytcchnikm«).. 

I^vjfcssor  C,  A,  Carus- Wilson  (ill  st^conding  %'otc  of  thanks)  ... 


^f        Mtsetmg^  held  January  11,  1900^  — 

lV«Bilcr»...        ..        .* 

»  Ui  Uhrary    ,. *.  • 

nt  i»f  D*tn.ilioii  f>f  ^105  to  Liuikhiig  Kund    -., 
nt  tti  fiijuguntl  Meeting  oi  GJii^gow  IaktuI  Section 
Mr,  K.  K.  OontpCciei  rt  Volunit'tr  Iviiuipiiicnt  Kund 

B«pori  nT  (be  Swiss  Visit  Cdnunittee,  18^ 

Dtwuuiofi  on  the  Report  :— 

EMr  R  E.  Crompton  ... 
f,    R.  Haimni^d 
^    M.  G.  Si.  Sw3iUtjw 
t*r«Wc%»fn-  C.  A.  C;iruii  Wiliori 
Mr.  UBiftH 
^    Mark  Rohinscm   ... 
^   J.S,  llawcNth 
«   ).  Swlnbumi:  

k<il  New  MembtJ 


175 

1M4 
J84 
184 

iH 
189 
191 
191 

191 


192 

105 

193 

193 

195 

n4 
n$ 


PAC 

^.junetliugi-    t6   Iht    Tfane    Mimfliafl   jmfl    Fiiilie&  drfiiixBnr   Gcsacral 

IHit;  S'Y'taiidfiiit  an  imnciimcm^  ibt:  ^£ic&  ctf  ?traie»ar  fffrpj^hrs,  jcicl 
mui'ii]^  -vote  vi  cundctbuoe  vifli  Xrh.  Sxi^i»         —        —        ...    2. 

m3^itir.^;Un^wraLl  tHr»»Hh»»r  tfin  -t^inntt^lmj^  -mntinftif^         __  _.  ...  ...      2. 

Tmmdtxrix^         ...        ^        ...        _        -__..        —        ...    z 

AuncwiiUEn&czQi  of  O&OBFi*  ^^nji  tCcaniiiitloc:  'CD  IDJ^idiiiii  .snd  OilK^sow 
ILouafl  *icctiyx»       -«        ..         ...        ._        2 

ItfT.S.Z.-deFcrranti—        ->.        - 2 

.»,    E.  K.  •Sk.-oH          _ —        -.-         ...  2 

»,    M-B..  Fkfld         ...        „.        -        _ 2 

.,    A.  £.  Lcrrzzi         ....         „ -                    ...  2 

^   A.P.  Tinabfff      —        —        .-        -.        - 2 

«    G.  L.  Addcsbrcidbe:       2 

^,    l^Gxatr  .^^       - -         -                  2 

..    UMf.  If  cinltj „,                              2 

''An  EtocUuifiic  fi— fewfc|pi  Fkoees  ftr  tke  PtDtedica  of 

Gofper  lUbei^*  Ijt  "Shtxard  Ccimper-CciksL  Mcn^scr     —        ...  2 
LbwjOHocffl  UD  ibe  abcwe  Papcar  : — 

Mr.  Heaan- WiiBde  («JBD3i2iHakatLedi           2 

..    W,  M.Mjff^acT 2 

..    S.  Z.  ^  Fturanli 2 

^    O,  L.  Addenbrooke        2 

Tlit  IVe»dc<3l  (^Pr<jfe5i*«'  SOtsoius  P.  "nK^npsi-j^l        2 

Mr .  Aiaj]  HUliam^  iooaunimicaled  I          2 

^    \V,  Gibtwngi                ^                       : 

.,    0/»p«'-0^1e*  (in  rcpJy)          ...  j 

The  fVeskkmt            : 

Kkotj'^  <^  Xtrw  Member?      i 

"Elactriaa  ^me^Serrice." 

ConlJmaiion  (A  DiM:u«!«ion  : — 

Mr,  C»  Patlkammer  (communicaled)     ...          : 

..    F.  H-r>pc-Jone$  ^communicated,  in  reply       : 

Pf^PQi^irm^i:  *A  the  Three  Hundred  and   Forty-First   Ordinary  General 

Meeting,  held  Fcbniar>'  8.  1900 : — 

'irdiMtr% '. 

iUni^ym%  Uj  Ltbrnry - 

AntvAinantucui  tA  Ixrgacy  of  £2,000  from  Prof.  D.  Hughes  to  found 

4 '^liavkl  Hu0ieH  Scholarship" 

Ai)n//UiicaTKrnt  oi  (JifuxTS  and  Council  of  the  Newcastle  Local  Section 

''Tli#  ttondardiiation  of  Electrical  Engmeering  Plant,'*  by 

K  Percy  HclUm,  Member 

iytiiCU%%iofi  on  the  above  Paper  : — 

Mr,  K.  E,  Crompton 

„   A.  B.  Blackburn 

,f  J.  BUiter  Lewis 

„   E^H.Johsifon     


COKTENTS, 


Llfr.  Scfkm'i  f^Aper  iofnttftucfl) — 
,  &.  liawortli 

sS-,  Rotiiitsofi       «««        *..        ,,*        w.m        *..        .*> 
R.  Hxnuiioifid     **,         .,        ,,, 

lAjtir*CfeDer.4l  C  E  Wcbb«r         * 

Stw  Bfemb^n 

friiii^liyti  c4  the  Thfee  Hutidrcd  and  Foriy-Sccon4  Ordinary  General 
Ksetingi  he\d  February  3i,  iqdo  :— 


PAGE 

311 

3H 


lo  Libntry    ..,        .„        ...        , 

of  Dinctiwijoti  on   Mr.  U.   P.  Sel1ori*s  Paper  on 
Stijsd&rdfAatioii  of  ^tctdcal  Bngiiieering  Plant.** 
MjjoT'Gener^iJ  C.  E.  VVi:bbcf 
Mf.W,  B.  Ejwon 

„    Si.  Evi?rihf?d 

»,    L.  AfHlre^'H 

•«    Simrt  A.  Rus!iiti 

•*    U  Birk^     ..,        .». 

„    A  E.  Levin         ...        *** 

,.    G.  L.  Add«fibrciokc       ...        ... *■ 

.,    C.K  Gf0V«         ..,  

Prfttewor  W,  E.  AyfUm 

MrS^Stllon 

M    I*  E.  KingaJniry  ..,  

»   J.  P.  C.  Sneli  (i:iinwmniuileclf ... 

„    Ouirld  Brii^bt,  F  H  S,E,  (coinmunk4tcd) 

„    F.  lythur^t  (ctMiirmmk^itcfl)   ... 

„    W.  Gcipel  (^rommunicutccl} 

„    EL  t*.  Sclkiii  fin  reply)   ...         

1 1 if  New  Members      ...        ...        ...        ...        - 

?»1'fM/*  *4  the  Three  Hundred  -ind   Forty-Thud  Ordinary   General 
^T     nng,  htJd  Mitrcli  *<,  i«po  :— 

•  r^n9«cr9T<.  ...  *.*  ,..  .^p  ...  .,*  ... 


3T5 


315 
5i9t334 

.       J22 

■^    3^ 

33.S 

-.    5:17 

...    329 

-    331 

333 

334 

...    336 

-    3.17 

^     337 

339 

*-^     34*5 

*'•    341 

•     344 


tti  the  Ltbnry         ..*        ...        ... 

I  fd  AppJiauian  of  the  Nortbcrd   Soclcly  of  Elcclriail 
En^ltMfv  tor  Inoirpfjst^tion  in  the  Institution  as  the  M^nchc^ter 
OlaitfHn>*K  <1  ScLtifui 
ta  ^hm  Applications  of  Electricity  in  Medical  and  Surgical 

Pmetioe^"  by  H.  [.ewU  Junes,  M.D.«  A&so<:iiile       ...        

Dttcttukni  on  the  above  t*iiper  t — 
Thi  Pi^iidciit  (Dr.  Stlviitiua  P.  Thotnp^nt 
rntbiirst 
t-:>l  Webber       ... 

'''•rd      •!•        r*.  ....«« 

Mr    li:  /#  CW/ifi 


345 
J45 


345 
34^J 

3<*7 
3ft» 
370 

.rrt 

Mil 


J.VTEIVTS 


CifCKn  W.  F  iJcec:  —        - 

-.    X  F.  Tr  .ct*r       —        —        >_.        —        —        

.    S.  F.  JVaLlBtr  ■crjmimrr-'t.-afrtfii  

Dr.  H.  Lcw»  foot*  in  reyCyU        

fckcTj^'^  --jC  Xeir  MemSsttr*      —        

fVoccci^En^t  ;»:  Eht  Sfotto^  ol  :£k  Gu2i^>v  Local  StO^JGL  Fcbnsuy  16. 
iy»  :— 
''The  FroUoB  of  Aze-Licktiv  froi  25D-Voti  Sopply."  by 

\\\  B.  Sajw*.  )f€snb«r 

Vff/iMsdttiti^  ac  :h<:  )f  ceaog  «i  the  DoHia  Local  Sectvoc  og  FcbnEar>-  22, 

laatviml  Addifn  of  tke  Catiinnii,  Procesacc  G.  F.  FitzgcrakL 

FRS.  Member     

V^jite  rjc  Thankia  to  the  CTuiniuo  Ux  hi>  Address  : — 

OA.  C  F.  C.  BcxeMord        

Dr.  A.  Traill 

Froio-ior  Filzgcrald  (in  rcp!>>      

(ntjU^tuX  O^nnnanication.^  : — 

"A  Two-Phase  Rotaiy  GoiiTerter  and  a  Mote  on  the  Begu- 

lation  of  Botaiy  GonYerten,"  by  Processor  E.  Wltno.  Member 

''The  Air-Ga^i  Indnctum  in  GontunioDS  Cnzroit  Dynamos," 

by  C.  C,  Hawkins.  Member,  and  R.  Wigbtman,  Associate 

Fr^x^eedtn^'i  /jpf  the  Three  Hundred  and  Forty- Fourth  Ordinary  General 
Meeting,  held  March  22.  1900  : — 

Tran^tfcr^ 

Dof»;iti<^rt<»  \ff  the  Benevolent  and  Building  Funds... 

''  Storafe  Batterj  Problems,"  by  £.  j.  Wade,  Associate 

Df^'U'i^i'^  on  the  above  Paper  : — 

l>r.  H.  E.  Armstrong  

Pfjifesv/r  VV.  E.  AjTton       

Mr  VV.  Hibbert         

..    G.  L.  Addenbrooke       

M    (7.  C,  Allingham  

„    VV.  K.  Ox^per     

„    J.  Swinburne       

..    D.  FitzGcrald  (communicated) 
.,    A.  E.  du  Pasquier  (communicated) 
.,    G.  H.  Kobertson  (communicated) 
..    8.  F.  Walker  (communicated) ... 
„    VV.  B^iyd  (communicated) 

Kl<M:tiofi  *ii  New  Membem     

PriM;«eding»  o{  the  Three   Hundred   and   Forty-Filth  Ordinary'  General 
Meeting,  held  April  5,  1900  :— 

Tfatufen 

\  to  the  Ubrary,and  to  the  Building  and  Benevolent  Fundb ... 


373 
574 
374 
378 
3»i 


382 


394 

405 
406 
408 


409 


436 


459 
459 
460 

495 
497 
503 
507 
507 
509 
510 
512 
514 
5i» 
520 
521 
521 


523 

524 


CONTENTS. 


U 


'  Storage 


Hr.  E.  |,  WjuSeV  reply  to  the  discuasititi  on   hh  pupcr^ 
BattetT  ProblemB  " 
K  '*nt  Sl«etricai  Equipmetit  of  Ships  of  War/'  by  c.  E.  Grove. 
■         MemtieT 

H  DtBcaMlon  on  the  ahiv«  Paper  r— 

^^^         Captun  EW. Creak,  RK.  ... 
^^^B  Mr  S,  Evrf^h«d        ...        ^» 

^^H  «,    fl.  £,  Cmmplun  .» 

^^^B  ^    A^  E.  Richards , 

^^^H  ^    A.A.CSvvinton 

^^H         ^    CI.  C  AJIitigham...        ... , 

^^^H  K    A.  J   La^K'son 

^^H  ^    H,  V\Mdc,  FJ{  S.  (communicated)      «, 

^^^H  «,    I#.  F.  Nuikcs  (commimJcatcclK.^ 

^^H  ^    S.  F.  WaHcer  Icommuntcatcd) 

^^^H          ^    G.  C  Mackrow  (communtcalcdj 
^^^B          ^    C.  E.  Grove  (it)  rtrplyl   .,. 
^B  ClBi:lio(i  of  New  llcnibcrs      

^wioeedlim*  o*  ihe  Three  Handrcd  and  Forty-Si Jcth   Ordinary  Gcfieral 
lf«Ctti>£i  held  April  26«  I  goo  : — 


^  ta  the  Libr^o'i  ^<l  t<^  the  Building  and  Bcnevott^nt  Funds... 

eit  oi  J  he  Nimci  of  the  Members,  Assodale  Members  and 

pn»t*c^<ed  by  the  DmjiLii  frsr  Elecli<jn  a^  Council  and 

CMkvti<  h*r  Ttjoo-itjoi      ***        .^* 

^ta  Blitaiit  Electric  Power  Transiiiisflioii,*'  by  Professor  George 

FiirfteN  K.R.S,*  Member      ,.♦        ,         *^*        .*.        ».*.-* 

DuCBiiiPci  on  the  itbrrve  Paper  :— 
PrafcncMr  J.I  Perry     ...        ...        ...        ...        li*        *>■- 

Mr.S.  ^.  de  Ferranti... 

»    G.  L.  Addcnhnjofce       

»,    W.  B.  EsM>n       ,,.        ...         ...        ... 

„    K.  Hammond 

^    J.  Swinburne      ...        ...        .,,        ,,*        *♦*        .*. 

Pr<jfe«»or  K*  Wilson  (communic^iledl       * .* 

Mr.  M.  B,  Field  (communiaitedl    .,, 
^    A.  H.  French  (t^rnmnunicatedl 
^    f,  W.  Kempsler  tcwinmuiiiciacdl 
Pmie^Mir  G.  Furbcs  fm  re  ply  i       ...        r*.. 
The  President  *  t»rofc?sor  Sri vanus  P,  Thompsonl 

PVMkn  id  Kew  Uesibcn    ...       

at  the  Meeting  ol  the  Glasgow  Local  Section,   March   23, 
Igoot— 
Ifvfcted  Of  OltafffiBf  for  Public  Sapply  of  Eloctricity/'  by 

W,  W.  La^iciCf  Mcmbef 

IHicuwton  tm  the  abt^vc  Paper  ^^ 

Mt.  it  JL  Mi^v^^  ,. 

B.  G  Tjidd  

m    W^  ^ytm^ide  (in  rcply^ 


534 

53^ 

603 
603 
605 
60S 
611 
613 
613 
614 
615 
6t6 
620 
63  f 
626 


627 
627 


628 
Oag 

660 
665 
664 

666 
66S 
669 
67  a 

673 
674 
676 
677 


678 


COXTEXTS- 


Proceedings  of  the  Three  HtuKlred  and  Forty-ScTcnth  Ordinary  General 
Meeting,  held  May  3.  iqoo  :— 

Transfers            691 

Donations  to  Building  Fond 691 

The  President  in  announcing  the  Election  of  Mr.  J.  W.  Swan,  F.R.S., 

as  an  Honorary  Member 691 

"  The  GalcnlAtioii  of  Distribntiiis  Systens  of  Eleetric  Traction 

under  BritiBh  Conditions,''  by  H.  M.  Sayers,  Member 692 

Discussion  on  the  above  Paper  : — 

Professor  A.  Jamieson         729 

Mr.  A.  M.  Taylor       7^9 

„     E.Thomas          73' 

„    Bernard  M.  Jenkin        733 

.,    E.  K.  Scott          733 

„    J.  Swinburne      734 

„    P.  V.  McMahon 735 

„    R.C.Quin          735 

General  C.  E.  Webber,  C.B..  R.E 73^ 

Mr.  R.  Wood  (communicated)        737 

„    A.  P.  Trotter  (communicated) 738 

„    H.  M.  Sayers  <in  reply) 739 

Election  of  New  Members     741 

Proceedings  of  the  Three  Hundred  and  Fort>-- Eighth  Ordinary  General 
Meeting,  held  May  10,  1900 : — 

Transfers            742 

Donations  to  Librar>',  and  Building  and  Benevolent  Funds       742 

''  A  Frictionless  Motor-Meter,"  by  S.  Evershed,  Associate  Member  743 
Discussion  on  the  above  Paper  : — 

The  President  (Professor  S.  P.  Thompson,  F.R.S.)       781 

Mr.  T.  D.  Lockwood 781,788 

„     S.  Z.  de  Ferranti            782 

„     R.  Wood 784 

„    W.  M.  Mordey 7»5 

„     H.  L.  Boot          786 

„     E.  B.  Schattner 786 

Professor  W.  E.  Ayrton,  F.R.S 787 

Mr.  Aron          789 

„    W.  H.  Everett  (communicated)         789 

„    S.  Evershed  (in  reply) 790 

Election  of  New  Members      794 

Proceedings  of  the  Three  Hundred  and   Forty-Ninth  Ordinary  General 

Meeting,  held  May  17,  1900  :— 

Transfers            796 

The  President   in  announcing   the    Incorporation  of   the    Northern 

Society  of  Electrical  Engineers 796 

Transfer  of  Members  of  the  Northern  Society  of  Electric^  Engineers 

to  Membership  of  the  Institution          797 

^^ongUdtm  to  tbc  Libnry  and  Bmlding  FMXiiX       798 


with  reference  to  the  lntern;iticifiai  EleciricaJ 


**JJlK&atiDf«OiiiTeiit   iBduction  Motors,*'  by  a.  c.  EboratJ, 


H  Dfwnwikm  an  tt»e  above  Biper : — 

H  Mr.  M.  K  Field 

^^H  ^     W.G.  Rhodes     

^^m         Frolftoor  £,  Wilson 

^^m  C  A,  Omii-WtMin 

^^H  Mr.  S.  Z.  de  Fermnt!.., 

^^H  ,,    W.  K.  E!»on 

^^H  „    Q,  U  Addmhwdke      ... 

,.    A.  C  Eborall  (in  reply) 
Election  of  New  Members     ... 


ei  the  Twenty- Eighth  Annual  General  Meeting,  held  May  34, 


1900 ; 


Deniliani  to  Ihc  Library  itnd  Benevcilent  Fund    .,. 

The  l^mdent  in  mfcrrmg  to  the  FoiiDdation  i>f  an  Electrical  Museum 

Letter  ham  M.  Masout  icknovtrledging  hi^ election  m  Vice-President... 

I  Report  dI  the  CoutidL..        , 

I  of  ihe  JkrcreUry  a*  to  the  Library  ...        „. ♦, 

eiil ««{  Acomni*'  and  iJalance  Shet't 

i  by  the  t*r^sidcni  ...         

fc  on.  and  Adopiii>ri  of,  Reporl— 

Mr  j.  E.  Kirig^biiry  ..,  ... *, 

,,    H.  Fcntmti  ChilUp^   ... 

^    U".  McGregor  ... 

|f,Sw.i«,  KkS 

I'  of  itie  Statement  of  Acc^mfiis  and  fJalance  Slice!  for  the 

iftW     - 

\  ofif  aiict  Adoptkin  of,  the  Accoimts  and  Bdance  Sheet- 
Mr  J.  S.  Ra  worth  ... 
V«le«  of  Hunter  :- 

Tottkc  InUlUitktit  (il  Citil  Engineers— 
Pr^-fc»«^  I   Perry  KRS.    ... 

Mr  W.  McGrtiior     .♦.        ,„ ., 

To  the  tii»tttitliof)  of  Meclmnica]  Engineers  mid  Society  ol  Arts— 

Mr.  ].  Gaie-y 

^    H.  W  WilMmon 

Tlie  PreMdent... 
To  tbe  Lrfjol  HoQonry  Secreiaries  and  Treasurers — 

M>.  J.  W.  Swifi,  r.fts.       ... 

^    R.S,  EfsUee      ... 

IhmPnM^tii 

JMh  /  5t  Ji^iKvIA       . 
H^  J/.  Sdrert     ,,. 


799 
836 

M4a 

a43 

845 
H47 
H4H 

«49 
HS6 


*^72 
KttO 


8H4 
8»4 

884 

Ms 


^«S 


xii 


CONTENTS. 


Votes  of  Thanks  (coniinned) — 
To  the  Honorary  Auditors— 

Mr.  A.  J.  Lawson       ...        .„        .,.        .,  ...        

jj    J.  Rennie  ..,        ... 

To  Ihe  Honorary  Solicitors — 
Mr,  A.  A.  C,  Switilon 

.,    W.  M.  Mordey    ... 

The  President... 
Result  of  the  Electirm  of  Oiundl  and  OlTlcer??  for  iQOO-igoi 
Annfjuncemcnt  of  Alteration  flf  Library  Hours 
Election  of  New  Members 

Pmceeding^  of  the  Mectin|:j  of  the  Ghsj^ow  Local  Seclionj  April  27,  rpoo  : — 
'rSome  Considerations  Concerning  Electric  Driving/'  hy  H.  A. 
Mavor^  Memb^er     .., 

Discussion  on  the  iibovc  Paper  :— 

Mr.  \V.  B.  Hird 
^,    W.  A.  Chamen   „. 
Professor  A.  Gray,  F.H,S,    ,.. 

Mr*  Coatcs      ..»         .,.         ,♦ 

Professor  W.  H .  Walk! n son 

Mr.  A.  Stewart 

„    H,  A.  Mavor  (in  reply)  ,.. 

Prr»ct!edings  at  the  MLctiugof  the  NL-u'LaHtle  Local  Section,  May  15^  iqoo  : — 
Inaugural   Address   of  the   Chamnan,    Mr,  A.  W.  Heavisidc, 

Member       ...         ...         ...         ...         ... 

Original  Comniimications  ; — 

**  Kote    on   Air-Oap   and    Interpolar   Induction/'    by   F.  w. 

Carter,  M.A.^  Associate   ...        ...        -. 

"  The  Beluctance  of  the  Teeth  in  a  Slotted  Armature,"  by 

W.  B.  Hird,  ILA.,  McrnbL-r 

"  On  the  Absolute  Values  of  Capacity  Measurements/*  by 

J.  Eltim  VoiiiiiJt  .Member 

General  Bules  Relating  to  the  Oonstitution  and  Management  of 
Local  Sections : — 

111  Lbe  United  Kingdom   ,,, 

Abroad        ...        ..,        **. 

Obituary  Notices  : — 

Mr.  M.'uk  Bcvan,..  *.*        

,,     T.  Biickntjy  ,,.         , 

„     M,  Cooper   ... 

„    M.  C.  Dent 

,,    J.  D.  DoyJe  ..,        ...        .,. * 

„     L.  Epstein    ... 

Professor  D.  E.  Hughes  ,.. , 

Mr.  Frank  King -        

„     B.  SmiUi      ... - - 

,    K  iVfk's     ...         


] 


JOURNAL 


OF  THE 


Institution  of  ^Ifdricitf  ^'ngiufcrs. 

F^t^mUd  1871,       Intorporakd  1883. 


VocJCXlX. 


1899- 


No.  142. 


The  Three  Hundred  and  Thirty- Fifth  Ordinary  General 
Meeting  of  the  Institution  wns  held  at  the  Institution 
of  Ci\il  Engineers^  25,  Great  George  Street^  West- 
minsler,  on  Thur^sday  evening,  November  i6th,  1899 — 
Mr,  J,  W,  SWAK,  F.R.S.,  Ex-President,  in  the  Chair, 

The  mifiulcs  of  the  Ordinary  General  Meeting  held  on 
May  25111  i%*cre  read  and  approved. 


The   names  of  new  candidates   for    election    into  the 
itutjon  were  announced  and  ordered  to  be  suspended. 


The  fotiowing  transfers  were  announced  as  having  been 
^Jprorcd  by  the  Council,  vi^,  :— 

From  the  class  of  Associates  to  that  of  Members — 


Hjiry  CXta  F.  Bindcmanii. 
}«hii  Rkrhard  fiiiatim. 


W.  S.  Furby, 

Robert  Edwurd  Pcmhcrton  Pigolt, 


From    Ihc    class    of    Associiites    to   that   of    Associate 


A.  E.  ilayes. 
Ernest  Xk-rcer, 
a  A.  Mjlchcll 
Arthur  Patrick  OBrictl. 
Arthur  P.  Patcy. 
Samuel  Hignold  FcdroKa. 
Alfred  Lcjvcll  Phdlip!*. 
Thomai  Runi^uy. 
Henry  M:innitijn««  Saycr*. 
tlarrv  E,  Stohic, 
W  fi  VVinficld. 
Gvorgc  Herbert  W^alt 

J 


James  Alien. 
Howard  a  tUlccr* 
Tbomas  Gooch  AJdoclL 
Rttmil  jUlpcirL 
lliMBSi  Diw^oii  Clotfik*r. 
Jaotti  Ediear. 
Kidmund  }obfi  ¥e%, 
Dnrid  J.  Gadiiln% 
Waiter  HmmrU 
A.  B.  Ljftoiu 
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From  the  class  of  Students  to  that  of  Associates — 

Edward  George  Brown.  '  Leopold  J.  Harris. 

Arthur  F.  R.  Curteis.  I   Robert  Alexander  D.  Macalister. 

Bcrtrice  L.  Roberts. 

Donations  to  the  Library  were  announced  as  having  been 
received  since  the  last  meeting  from — 

Mr.  Charles  Aburrow,  The  Astronomer  Royal,  M.  Omer  de  Bast, 
M.  Gustavo  D'Orso,  Messrs.  Gauthier  Villars  et  Fils,  Mr.  J.  Graham, 
The  Institution  of  Mechanical  Engineers,  Mr.  W.  J.  Hammer,  Mr. 
W.  H.  Lindley,  Mr.  D.  R.  Walker ;  and  from  Mr.  Charles  Bright,  Mr. 
J.  J.  Fahie,  Mr.  VV.  Perren  Maycock,  Mr.  J.  Cli(ton  Robinson,  Sir  Charles 
Todd,  Mr.  A.  P.  Trotter,  Mr.  C.  H.  VVordingham,  Members  ;  Mr.  F. 
Bathurst,  Associate  Member  ;  Mr.  B.  Tamaki,  Foreign  Member ;  and 
Mr.  \V.  G.  McMillan,  Associate. 

To  all   of  whom,  on   the    motion    of   the    President,   a 
vote  of  thanks  was  unanimously  accorded. 

The  Secretary  read  the  following  letter  from  the  Home 
Secretary : — 

"  Home  Office,  Whitehall,  yune  14,  1899. 

'*  Sir, — I  have  had  the  honour  to  lay  before  the  Queen  the  Address 
conveying  to  Her  Majesty  the  congratulations  of  the  Institution  of 
Electrical  Engineers  on  the  occasion  of  her  Eightieth  Birthday,  which 
Address  Her  Majesty  was  pleased  to  receive  very  f^raciously. 

•'  I  have  the  honour  to  be, 

*•  Your  obedient  servant, 

•*  M.  \V.  RIDLEY. 
"The  Secretary  to  the  Institution  of  Electrical  Engineers,  Victoria 
Mansions,  28,  Victoria  Street,  S.W." 

The  Skcketary  read  the  following  letter  from  Colonel 
Hiibcr  :— 

"Zurich,  October  26,  i8(>;. 

"  To  the  President  and  Members  of  the  Institution  of  Electrical  Engineers^ 

London, 

**  Gentlemen*, — On  your  visit  to  Switzerland  and  its  electrical 
industries  in  September  last,  you  were  kind  enough,  before  you  left 
/fiirich,  to  present  me  a  most  valuable  album  containing  the  portraits  of 
the  Presidents  of  your  honourable  Institution,  and  the  signatures  of  the 
members  present  in  Zurich. 

"  I  am  indeed  very  proud  of  such  a  token  of  your  esteem,  and  I 

have  the  grcatejjt  pleasure  in  thinking  that  what  little  we  could  show 

:J^":'^  oufi^sUlUxxintry  has  been  o£  interest  to  you  and  has  given  you 
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^^^  ^*i.^A^Uk.,t*.  i  rttnrn  you  my  Huc^TCBi  thanks  for  this  rare  prc- 
«9t.  lod  ^ksM  «lway!»  con^dcr  it  as  a  prcciQus  rememhrancc  of  Hit* 
ii^ii  by  watch  yoor  ilIii»triouii  In^iUutioa  honoured  the  electrical 
tiid*Txtrv'  .ifltf  '•ciroce  of  oiy  country* 

*.  more  Xhitn  I  can  dc^^cribe,  my  having  bcun  prevented 
^  vt>ii  on  vour  visit  to  Swit^L-rland,  and  from  receiving 
I  recent  fram  yonr  dear  Frcsidcrit  pcrM^nally. 
"  ■    ri^i  now  rcc4>vcrcd  satisfactorily,  I  hasten  to  repeat  my  thanks, 
Am  h^  already  espres^d  you,  both  for  the  album  and  for 
^i  m  gcni^ral* 
*W*ih   oiy  »»incerc^t  wishes  for    tlic   further   prosperity  of   the 
Engineers, 

•'  I  am  most  lincercly  vours, 

"G.  E.  HUBER." 

The  Chairmak  (Mr.  J,  W;  Swan) :  It  seems  to  belong  to 
I  fori  of  our  proceedings  to  make  the  announcement  that 
week   Ihe  Council  received   the  following  letter  from 
y  V  Member,   Mr,    Henry   Wilde,    F,R,S.,    an- 

Btu,  .^  ...V  Oiler  of  the  sum  of  £1^500  for  investment  as 
t  fienr%^tent  Fund  (or  the  benefit  of  members  of  the  Insti- 
*'itioo,  witli  uh^ervations  on  the  evolution  of  the  dynamo- 
Icdric  machine : — 

**Alderle;y  Edge,  CHESHtRE, 

November  if  1898. 

*Ta  the  Canncit  0/  iht  tmtifniion  of  Electrical  Engineers, 

'  Last  year,  by  the  favour  of  the  Council,  I  was  elected  an 

Member  of  the   Institution  of  Electrical  Engi- 

Thc  cxccpliona I  character  of  this  honour  was  duly 

Uefl  by  me,  and  I  naturally  concluded  that  the  dis- 

ju  Iiiid  been  conferred  from  a  fair  knowledge  of  my 

.K,,t  ,M.-  to  electrical  science,  both  pure  and  applied, 

ever,  that  one  of  the  members  of  the  Council 

J.  A.  Ewing,  F*R.S,),  m  the  course  of   his   recent 

Forrrat  Lecture  on  Magnetism,  delivered  before  the 

of  Civil  Engineers,  has  made  mention  of   my 

:  and  work  m  connexion  therewith  in  such  a  manner 

require  some  justiliaition  in  the  eyes  of  the  general 

ol  the  members  of  the  Institution  for  the  honour  the 

have   done    me.      I   have,   therefore,   thought    it 

though  at  the  risk  of  mcurring  tlie  imputation  of 

to  set  lorUi  in  orda'  u  brief  record  of  ray  work  in 

witli  m^gncOc^  and  elcctrivul  sci^nctj  both  lor 
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the  salisfaction  of  the  Council  and  as  a  duty  which  I  owe 
to  my  own  reputation. 

**  Your  Honorary  Member  commenced  his  career  as  a 
mechanical  engineer  under  a  regular  apprenticeship,  and, 
through  his  inventive  ability  and  other  qualities,  was 
placed  in  a  responsible  and  lucrative  position  by  the  firm 
where  he  was  employed,  before  attaining  his  majority. 
From  his  youth  he  has  had  a  strong  predilection  for  the 
natural  sciences — the  construction  of  electrical  machines, 
voltaic  batteries,  electrotyping  cells,  electric  kites,  and  other 
scientific  apparatus  being  the  interests  and  amusements  of 
his  leisure  hours, 

"  In  1856  your  Honorary  Member  commenced  to  practise 
on  his  own  account  as  a  telegraph  and  lightning-conductor 
engineer,  and  took  out  his  first  patent  in  connexion  with 
these  branches  of  applied  electricity  in  1858,  It  was 
during  the  course  of  his  wide  practice  as  a  lightning- 
conductor  engineer  that  he  obseiTcd  the  influence  of  gas- 
and  water-pipes  in  determining  the  direction  of  a  discharge 
of  lightning  and  the  danger  from  fire  and  other  damage 
arising  therefrom.  He  also  adopted  the  necessary  means 
for  averting  this  danger  by  connecting  the  lightning- 
conductor  with  the  gas  or  water  mains,  and  subsequently 
published  an  account  of  his  observations  in  the  PkilosO' 
phkal  MagazhUf  1872.  His  recommendations  have  since 
been  adopted  by  the  Lightning  Rod  Conference  (1882),  and 
by  other  scientific  committees  abroad  which  have  investi- 
gated the  subject. 

'*  During  the  years  1861-1863  your  Honorary  Member 
took  out  several  patents  for  his  inventions  connected  with 
the  magneto-electric  alphabetic  telegraph,  and  ultimately 
succeeded  in  producing  an  instrument  which  compared 
favourably  with  all  others  of  the  like  class  in  the  rapidity 
and  facility  with  which  messages  could  be  transmitted.  To  ' 
carry  out  his  telegraph  inventions  he  found  it  necessary  to 
obtain  a  special  Act  of  Parhanient  under  the  powers  of  the 
General  Act  of  1862*  This  special  Act  was  the  first  and 
only  Act  granted  until  the  acquisition  of  the  telegraphs  by 
the  Government  in  1870. 

'*  During  the   course  of  his  experiments  with  the  later 

form  of  his  telegraph  instruments,  your  Honorary  Member 

Dbserv'ed  the  gre^t  increase  of  poVi^er  oi  ?lv\  tleclrQ-magnet 
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^Kabove  thai   of   the  permanent   magneto  of   the   magneto- 
^■Btt'  iiDt:  vvhicli  excited  it    ThB  observation  led  him 

Hl|^l«^,  ..^  _i.»covcry  of  the  principle  and  invention  of  the 
JmdmOf  as  the  machine  is  now  called*'  The  invention  is 
dcscnbcd  and  figured  in  the  ^specifications  uf  his  patents  of 
i>rc<*mber,  1863,  and  October,  1H65.  Her  Majesty's  Privy 
Council  granted  your  Honorary  Member  an  extension  of 
tht^e  p;itents  from  fourteen  to  twenty-one  years. 

**  In  a  paper  which  was  read  before  the  Royal  Society  in 

FAphl,  jB66,  your  H on orarj' M ember  formulated  the  proposi- 

turn  that  quantities  of  magnetism  and  electricity  indefinitely 

fOuU  will  induce  quantities  of  these  forces  indefinitely  great, 

ITht  proposition  wa**  demonstrated   by  experiments  on   a 

scale  m  which  a  powerful  electric  light  was  evolved 

le  firtit  lime  from  a  dynamo  machine  {Proc.  Roy-  Soc.f 

ipnl^  iW)6  ;  Phil.  Trans.,  1867),     It  was  reserved  for  the 

itive  Council  of  the  International  Inventions  Exhiht- 

LonduOt   1S85,  to  award  your  Honorary  Member  a 

ffldal  of  honour  for  his  discovery,  in  the  terms  of  the 

r-'poMtion    formulated    in    his    paper,   although    not    an 

L^ohibitur. 

^b    **It  was  subsequently  found  by  several  electricians  that 
^Btart  r  permanent  magnetism  of  iron  could  be  used 

^^Bthi  ...  .1  stage  of  the  indefinite  increase  of  the  mag- 
netism of  a  dynamo  by  the  simple  device  of  coupling  up, 
difcclly,  the  electro-magnet  and  armature  circuits  of  the 
ongioal  dynamo  described  by  your  Honorary  Member 
Tiliioai  any  change  whatever  in  its  construction  or  in  the 
I^^uxiplc  on  which  it  is  based.  This  device,  valuable  as  it 
has  MHce  been  found  m  practice,  had,  however,  the  dis- 
id^nntagc  of  the  resultant  current  being  in  one  direction 
iinlyy  while  the  separately  excited  dynamos  produced  alter- 
oatjag  or  direct  currents  of  different  orders  as  required, 
wiibout  altering  the  windings  of  the  field  magnets*  More* 
<ntr,  by  reason  of  the  residual  or  permanent  magnetism  of 
hii  large  dynamo  being  many  times  greater  than  that  of  the 
-null  ilecl  magnets  of  the  magneto-electric  machine  which 
eicited  iU  the  general   principle    of    indefinite    magnetic 
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Sdcuccowrt  Ifac  invention  of  the  term  Dymimo^tkctric  Mackmexiy 

■  »  Bi0Olir«  FMS.,  vsiio  applied  it  irxprcisly  to  Wildc^*  Blcclra- 

tk  frtfnir-ilcir.     iPn^.   f^m:  S(>t\.  vol.  XV.  (ltJ67)  p.  409.)— HAW 
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acciimiilafioii,  as  formulated  and  demonstrated  by  your 
Honorary  Member,  is  common  to  every  class  of  dynamo 
machine. 

"In  1868  your  Honorary  Member  discovered  the  property 

of  the  alternating  current  to  control  and  render  *iynchronous 
the  rotations  of  a  immber  of  dynamos,  by  which  Iheir  united 
power  can  he  obtained  without  the  use  of  mechanical  gear- 
ing and  independently  of  the  relative  position  and  distance 
of  the  separate  dynamos  from  each  other.  This  property 
of  the  alternating  current  was  fully  described  by  him,  wilh 
its  advantages^  in  a  paper  read  before  the  Manchester 
Literary  and  Philosophical  Society,  and  pubhshed  in  its 
Proceedings*  Also  in  the  Philesophkal  Magazine^  January ^ 
1869;  The  Engineer,  vol.  xxvit.  (1869}  p.  252;  Annaks  dc 
Chimic  el  de  Physique,  vol.  xvi.  (1869}  p,  487,  The  syn- 
chronism of  a  pair  of  sma41  magneto-electric  machines  was 
also  exhibited  at  a  soiree  of  the  Royal  Society  in  the  same 
year-  This  property  of  the  current  is  an  essential  feature  in 
the  combination  of  alternating  dynamos  at  Niagara,  Gene\fa, 
and  other  central  distributing  stations* 

'^  in  the  course  of  a  lecture  delivered  before  the  Institution 
of  Civil  Engineers  in  1883^  the  late  Dr.  John  Hopkinson 
brniight  forward  the  synchronous  rotation  of  alternating 
dynamos  as  a  theoretical  prevision  of  his  own,  but,  on  his 
attention  being  directed  to  the  prior  publication  of  the  dis- 
covery, he  acknowledged  the  reclamation  in  subsequent 
papers.  Nevertheless,  the  ill-advised  friends  of  Dr. 
Hopkinson,  notably  Prof.  j.  A,  Ewing  (Proc.  Roy\  Soc, 
vol.  Ixiv.,  February,  1899),  have  again  brought  forward 
this  belated  prevision,  with  full  knowledge,  but  without 
mention,  that  the  discovery  had  been  made  experimentally 
and  published  some  years  previously.  Your  Honorary 
Member  now  thinks  it  well  to  state  that  an  account  of  the 
synchronous  rotation  of  alternating  dynamos  was  written 
by  himself  for  Stevenson's  Lighfhotfse  lUinuinalion,  2nd 
edition  (1871),  p.  165,  In  the  preface  to  this  standard  work 
on  Lighthouse  Optics,  the  author  expresses  his  obligations 
for  many  valuable  suggestions  made  by  his  friend  Mr, 
James  T.  Chance,  the  head  of  the  firm  where  Di\  Hopkin- 
son was  employed  for  some  years  as  an  expert  in  Light- 
house Optics,  Now,  it  would  be  a  reflection  on  the 
intelligence   and   industry    of  the  Vale   Dr.  Ho^kUason  to 
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that  he  had  not  carefully  studied  the   important 

fif  ""'  rm^   consistinji,    :is   it   does,    of  only   236 

li  refute,  much  more  probable  Ihut  tlic  idea 

sjrnchrofious  rotntion  of  <ilternators  was  drawn  im- 

mriy  from  Dn  Hopkinsan's  memory  than  from  the 

inrfioti  of  his  genius. 

In  Marchf  1867,  your  Honomn^  Member  invented  and 

Ihc  multipolar  alternating  dynamo,  both  self  and 

excited.    This  dynamo,  with  the  mode  of  exciting 

fi  the  type  of  all  the   large   alternators   employed   at 

itagim,  Gene\^,  and  other  place:^*  The  great  hydro-electric 

ilhtiort  at  Niagara  is  a  complete  embodiment  of  the  dis- 

Jknd  invent ion«^  of  your  Honorary  Member  in  con- 

ion  with  the  generation  of  electricity,  as— (i)  It  is  based 

the  principle  of  the  indefinite  increa*ie  of  the  magnetic 

and  electric  forces  from  quantities  indefinitely  small  ;  (2) 

tbtbcld  magnets  of  the  dynamo?^  are  excited  by  the  currents 

I     faum  ^^epeirate  dynamo  machines  in  ;iccordance  with   the 

^^Ke  and  claims  of  his  patents  of  1865  and  1867; 

^^^Hk    lui^Miators  are  multipolar,  excited   by  a   sepanite 

^^^pBin  a^  described  and  claimed  in  his  patent  of  March, 

1167;  and  (4)  the  synchronising  property  of  the  alternating 

cwnrnt  in  utdised  to  obtain  the  united  power  of  a  number 

'jf  dynamos  without  the  ime  of  mechanical  gearing, 

"  The  first  practical  application  of  the  dynamo  to  the  arts 
oi  hie  w^s  m^idc  directly  by  your  Honorary  Member  to  the' 
ekxtn>-deposi!ion  of  metals  from  their  solutions  (1H67-80)  ; 
frii  dyttamos,  both  in  their  two  polar  and  self-exciting 
mt'IirpoUr  forms,  soon  siupersedaig  the  voltaic  battery  in 
the  pnncipal  electro-plating  and  electro-typing  establish- 
nvTJiI^  in  this  country  and  abroad*  They  were  also  largely 
cniploycd  (iH^iK)  in  the  electroKlic  process  of  refining 
Clipper  in%*ented  by  Mr*  Jumes  B.  Klkington,  and  for  the  like 
porpnsc  by  the  Mansfeld  Mining  Company,  Saxony  (i?^73)> 
Vow  HonofjiTy  Member  has  since  shown  that  the  principle 
yndcrlying  the  electrolytic  process  of  refining  copper,  and 
tin  which  It?*  conmiercial  success  depends,  is  the  indetinite 
(iia»^  of  the  electro-chemical  forces  from  quantities 
mdefinttcly  small,  as  the  current  from  a  single  voltaic  cell 
A  1!  hate  solutions  in  an  indefinite 

_ ;. ....     ;.. .; mheskr  Mvimnn^  vol,  xK*  1 896). 

fS^jt  your  Honorary  Member  succeeded  for  the 
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first  lime  in  electro-coating  large  iron  cylinders  with  an 
adhesive  layer  of  homogeneous  copper,  suitable  for  engrav- 
ing upon  and  for  other  purposes.  The  process  formed  the 
subject  of  two  of  his  patents,  and  has  now  become  a  con- 
siderable industry. 

*'From  1873  to  1880  your  Honorary  Member  adapted  his 
self-exciting  multipolar  dynamos  to  the  production  of  the 
search -light  in  the  Royal  Navy ;  his  hand  electric-light 
regulator^  patented  in  1873  and  now  in  universal  use, 
forming  part  of  the  equipment.  After  lengthened  trials  alJ 
Spit  head  by  a  joint  War  Office  and  Admiralty  Committee," 
his  search -light  was  adopted,  and  a  number  of  first  *class 
battleships  were  equipped  with  it  under  his  direction. 
Annexed  is  a  copy  of  a  report  of  the  Admiral  commanding 
the  Channel  Squadron  on  the  search-light  established  on 
H-M.S.  Minotaur,  1875. 

"  in  the  foregoing  review  of  Iiis  own  inventions  and  con-| 
tributions  to  knowledge  connected  with  the  evolution  of^ 
electricity  and  magnetism,  your  Honorary  Member  is  not 
unmindful  of  the  important  improvements  that  have  been  - 
made  subsequently  by  other  inventors   in  the  same  field,  i 
He  would   specially  mention,  as  the   most   prominent   of 
these   improvements,   (a)   the    utilisation    of    the    residual 
magnetism  of  iron  as  the  initial  stage  of  the  excitation  of 
the  field  magnets  of  dynamos ;  {b)  the  production  of  con* 
tinuous  currents    from   dynamos,    as    distinguished    from 
alternating  waves  of  electricity  ;   {c)  the  compounding  of 
dynamos  for  the  automatic  regulation  of  the  quantity  of  J 
electricity  generated  to  the  amount  required  in  the  external  I 
circuit;  (d)  the  subdivision  of  the  iron  of  the  armatures,! 
and  the  improved  forms  and  proportions  of  the  several  parts 
of  dynamos,  whereby  their  efficiency  in  relation  to  the  ex- 
penditure of  mechanical  power,  with  economy  of  material,  I 
has  been  greatly  increased* 

^'On  the  expiration  of  the  several  patents  for  his  inven- 
tions and  the  extensions  thereof,  1884^  your  Honorary 
Member  retired  from  the  pursuit  of  the  practical  applications 
of  electricity,  but  he  continues  to  maintain  his  interest  in 
several  branches  of  scientific  research, 

'*  During  the  years  1885-90  he  was  engaged  in  an  experi- 
mental investigation  of  the  causes  of  terrestrial  magnetism, 
and,  byhh  liirentioq  of  the  Wagnetarium,  he  has  succeeded 
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lucing  ail  the  principal  phenomena  of  the  earth'j> 

attd  the  ^cut;ir  changes  in  its  horizontal  and 

components  for  long  periods  of  lime.     He  has  also 

!fttniled  on  the  mA^netarium  that  the  short  range  and 

of  westerly  declination  at  London  (24*^ — 160  years), 

long  range  and  period  of  westerly  decUnation  at  the 

I  of  Good  Hope  (30^ — 272  years),  and  the  rapid  change 

dip  tn  the  (fuH  of  Ckiinea  (17  minntes  annually)  are 

;eometrtca!ly   correlated.      He  ha^*  further  shown 

tlhc  uimuimetrica]  distribntii>n  of  tlte  earth's  magnetism 

jwrt  on  the  charts  is  due  principally  to  the  unequal 

mai^ctic  intensity  of  the  land  and  ocean  areas  respectively 

'   V.  S>c\,  1890,  1891,  1894).     E?camples  of  his  mag- 

-  lu  d>*namosp  and  telegraph   inslrmnents  have  been 

drpo^ited  in  the  Natjonal  Museum  of  Inventions  and  Scientific 

lnstmiDcnts  at  South  Kensington. 

"In  1890  your  Honorary  Member  made  a  series  of  experi- 

Bcntson  the  influence  of  temperature  on  the  magnetisation 

(rf  iron  and  other  magncltc  substances*     He  showed  that 

^tfae  increase  of  the  magnetic  power  of  red^iot  iron  observed 

other  cicpcrimcnters  is  only  apparent  and  so  small  in 

il  that  it  cannot  be  delected  by  the  method  of  trac- 

IS  a  negligible  quantity  in  electrical  engineering, 

Jous  increase  was  found  to  be  due  to  the  screening 

the  cxlrrnal  parts  of  the  iron  when  cold,  as  the 

^ii^nctic    needle    indicated    an    increase    or  decrease    of 

iB^gi^etic  power  according  as  the  mass  of  the  same  iron 

fobmitled  to  its  action  w^is  greater  or  smaller  {Pnn\  i?t>y. 

^.,1891}.  Your  Honorary  ^lember  has  designed  a  Magneto- 

THTlcr,  for  showing  the  influence   of  teinperature  on   the 

nytftisation    of    iron    and    other    magtietic    substances, 

^"Scribed  in  the  Mamtushr  Manoin^  1895*  ^^nxl  also  in  the 

icat  Review. 

'        '  !      1    wQd  the  magnetisation  limit  of  iron 

,  V  the  single-pole  method  of  traction 

4^Khbcd  by  him  in  his  paper  on  the  influence  of  hi^t  on 

^aagiietic  power  of  this  metah     His  experiments  show  a 

^mnetkitioa  Umit  for  iron  of  422  \\m.  per  square  inch  of 

ttKJii,  or  29-67  kilos  per,  sq,  cm.  {Pmc*  Row  Sec,  vol.  Ixi.^ 

^Lkstift   in   view  of  the  ^w^ious  uses  to  which   your 
Booomry    Member  cnde;ivoured    to   apply  his    electrical 
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SO  far  he  has  not  taken  the  chair  as  President  at  an  Ordinary 
General  Meeting  at  the  beginning  of  a  session.  The  ques- 
tion arose  whether,  under  the  new  state  of  things,  seeing 
that  the  Ex-President  had  been  so  long  out  of  office,  it  was 
proper  to  retain  the  old  practice  of  his  formally  inducting 
the  new  President  into  the  Chair.  It  was  referred  to  the 
President,  and  he  decided  that  it  was  desirable  to  retain  the 
ancient  procedure.  Therefore  it  is  that  I  am  here  to-night 
in  the  place  I  have  occupied  so  often,  and  with  so  much 
pleasure.  But  I  am  only  brought  back  to  official  life  for  the 
moment  in  order  to  perform  a  final  act,  and  that  a  most 
agreeable  one,  viz.,  to  introduce  my  successor,  and  to 
bespeak  for  him  all  the  considerate  kindness  you  have 
shown  to  me. 

With  very  great  pleasure  I  now  give  place  to  Dr. 
Thompson,  confident  that  the  interests  of  the  Institution 
will  be  well  cared  for  during  his  tenure  of  office,  and  that 
the  work  will  be  continued  under  conditions  that  will  ensure 
not  merely  the  maintenance  but  the  increase  of  the  prestige 
and  prosperity  of  the  Institution. 

Dr.  SiLVAXUS  Thompsox,  F.R.S.,  then  took  the  Presiden- 
tial Chair,  vacated  by  Mr.  Swan. 

Sir  Hexry  Maxce  :  It  is  my  privilege,  in  accordance 
with  a  time-honoured  custom,  to  ask  you  to  place  on  record 
yrjur  thanks  to  the  Past-President  for  his  services.  I  there- 
fore beg  to  propose  the  following  resolution  : — "That  the 
cordial  thanks  of  the  members  of  the  Institution  of  Electrical 
Engineers  be  offered  to  Mr.  Swan  for  the  admirable  manner 
in  which  he  has  filled  the  position  of  President  during  his 
seventeen  months  of  office,  and  for  the  unremitting  zeal  and 
care  which  he  has  devoted  to  the  interests  of  the  Institution 
and  the  duties  of  his  office/' 

I  am  sure  that  this  is  a  resolution  which  you  will  pass 
with  acclamation.  Mr,  Swan,  as  the  resolution  states,  has 
been  in  office  for  a  much  longer  time  than  any  of  our 
previous  presidents,  and  during  the  period  he  has  occupied 
the  chair  his  work  has  been  of  exceptional  importance  in 
consequence  of  the  formulating  and  passing  of  the  new 
rules,  which  eventually  will  tend  greatly  to  the  advantage  of 
the  Institution. 

I  am  sure  every  member  of  Council  will  support  me  in 
acknowledging  the  tact  and  suavity  with  which  Mr.  Swan 
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has  performed   lite    dulie*?   of   President.       His    name    is 

-  in  our  moiilhs  as   household  words/'  and  every 

,„.„;^,  must  feel  proud  that  we  shall  enrol  on  our  list  of 

r*»t* Presidents  the  name  of  one   who  has  done  so  much 

T  Electrical  Engineering- 

I  tlitnk  I  may  safely  say  that  no  one  more  appreciates 

Hk hofK»ttr  of  being  President  of  this  Institution  than  Mr. 

SiKin  him^^Up  but  t  think  you  will  agree  with  me  that  if  the 

titutian  has  done  honour  to  him,  Mr,  Swan  has  done 

to  the  Institution. 

Mr.  Alexander  Siemens  :  Your  applause  really  makes 

'it  quite  superfluous  that  this  motion  should  be  seconded, 

boj  although  Sir  Henrys  Manee  has  very  aptly  spoken  of 

t  achievements  of  Mr.  Swan,  we  should  not  forget 

,;:ial  achievement  which  he  accomplished  for  himself 

it  any  hclp»  viz,,  the  solution  of  the  distribution  of 

icity  at  a  lime  when,  if   I  may  say  so,  tlic   regular 

[dettricians   were   all  on  by-paths,      I    take  tiie  liberty  of 

og  that  beouse  I  was  among  the  number,  at  least  I 

in   the   footstepsp  of  some   who   looked   for  the 

ifiitributiafi  of  electricity  in  the   wrong  direction*     That 

oripnaJ  merit  of  Mr.  Swan,  that  he  worked  out  such  a 

dffficutt  problem  entirely  by  himself  and  through  his  own 

studies,  ought  not  to  be  forgotten.     Now  that  he  has  added 

^hc  merit  of  havmg  conducted  our  Institution  for  seventeen 

"ionih%  double  thanks  are  due  to  him,  and  !    have  great 

fcasurc  m  seconding  the  motion. 

The  vote  was  carried  by  acclamation. 

Mr*  ].  W.  Swan  :  1  should  be  made  of  very  insensible 

lerial  if  I  did  not  feel  intensety  tlie  kindness  expressed 

your  vote.     I  vrish  to  thank  separately  Sir  Henry  Mance 

the  very  kind  things  he  said  of  me,  and  also  my  friend 

AlcJEandcr  Siemens*     Sir    Henry   Ma  nee   very  rightly 

that  1  must  haw  felt  it  an  honour  to  be  President  of 

great  Institution.     I  have  felt  it  to  be  a  great  honour, 

il  has  been  a  source  of  satisiaclion  and  pleasure  to  me 

it  during  my  tenure  of  ofBce  the  affairs  of  the  Institution 

%vc  |{onc  verj^  well.    The  revtniue  has  increased,  and  the 

ibenihtp  has  increased,   but    I   entirely   disclaim   any 

credit  m  brtngirig  Uiat  state  of  things  at^out.     It  vc^s  due 

ill  part  to  external  circumstanceSp  but  very  largely  to  the 

iriiittH   and  efhdettt  support   !  received  from  *ui 
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some  of  this  waste  ;  and  it  might  do  much  more  without 
imposing  any  harmful  restrictions  upon  the  freedom  of  a 
single  individual.  If  it  can  point  out  the  trend  of  opinion, 
the  ameliorations  resulting  from  experience  in  all  parts  of 
the  world  ;  if  it  can  help  to  diffuse  amongst  iti:i  membership 
generally  a  knowledge  of  these  things  and  of  the  latest 
discoveries  and  inventions,  the  benefit  it  will  confer  not 
only  on  its  members^  but  on  the  industry  at  large^  wnll  be 
no  small  one, 

1  therefore  propose  to  direct  your  attention  to  some  of 
the  tendencies  which  manifest  themselves  at  present  in  the 
electrical  world ;  some  of  them,  dpubtless,  transitory,  but 
others  indicating  changes  of  a  permanent  kind. 

In  telegraphy,  the  oldest  branch  of  our  profession,  there 
is  not  much  room  to  chronicle  change.  Nevertheless  there 
is  an  obvious  tendency  to  increased  use  of  automatic 
methods  of  sending.  Slowly  but  surely  the  use  of  the 
automatic  transmitter  is  extending  in  cable  service ;  whilst 
on  the  Continent  and  in  America  the  advantages  of  the 
Wheatstone  automatic  are  being  gradually  recognised,  as  the 
increase  of  matter  to  be  transmitted  over  existing  land  lines 
causes  a  demand  for  accelerated  methods.  It  may  be  here 
recalled  that  the  very  first  paper  read  before  this  Institution 
on  March  13,  1872,  when  it  commenced  operations  as  the 
Society  of  Telegraph  Engineers,  was  on  the  topic  of  Auto- 
matic Transmission*  The  use  of  alternating  currents  of  a 
fairly  high  frequency  is  also  receiving  attention.  Professor 
Rowland  has  invented  a  multiplex  typewriter  working 
with  alternate  currents.  The  substitution  of  delicate 
optical  receivers,  working  by  photography  for  the  pur- 
pose of  enabling  more  rapid  signals  to  be  received,  for 
the  relays  and  recorders  previously  used,  opens  out  a 
further  field.  Just  as  the  limit  at  which  the  hand  can 
send  is  surpassed  by  the  automatic  sender,  so  the  speed 
at  %vhtch  the  eye  can  read  the  visible  motion  is  surpassed 
by  that  of  the  photographic  receiver-  In  this  connection 
the  recent  suggestions  on  the  one  hand  of  Squier  and 
Crehore,  and  on  the  other  of  Pollak  and  Virag,  demand 
careful  attention*  The  experiments  of  the  latter  between 
Buda  Pesth  and  Berlin  appear  to  have  come  as  a  surprise 
to  many  Continental  electricians  not  previously  conversant 
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Ihat  they  have  obtained  in  sending  words  at  the  rate  of 
^300  to  1,500  words  per  minute  over  a  land  line  475  railes 
long  once  more  raises  the  familiar  question  whether  a  mile 
or  two  ui  subterranean  cable  inserted  in  the  line  would  not 
have  effectually  barred  the  transmission  and  reduced  it  to 
ordinary  rates.  We  need  not  believe  all  the  nonsense 
telegraphed  by  special  correspondents  to  the  daily  press 
from  Vienna,  that  home  of  scientific  canards.  But  Pollak 
and  Vinigs  results  are  of  more  substance  than  the  imaginary 
achievements  of  Jan  Szczepanik,  It  is  interesting  to  note 
that  in  their  experiments  success  was  largely  due  to  the  use 
at  each  end  of  the  line  of  an  inductive  shunt^a  device 
advocated  so  strongly  for  cables  by  our  late  Past  President, 
ilr.  Willoughby  Smith. 

When    we   turu    to    the    question    whether  such    rapid 

methods  of  signalling  will  prove  of  any  use  on  subterranean 

or  submarine   cables,  we  are  still   confronted  by  the   old 

diffic^ilty  that  no  improvements   whatever  in  apparatus  at 

e  ends  of  the  cable  will  get  rid  of  the  sluggishness  inherent 

in  the  cable  itself,  if  constructed  upon  the  traditional  patterns. 

The  suggestion  which  I  advocated  in  1893  of  accelerating 

the  speed  of  signalhng  by  attacking  the   problem  in  the 

^niiddle  instead  of  tinkering  at  the  ends  has  not  yet  borne 

^Hruit.     My  suggestion  to  construct  cables  with  a  series  of 

^prlf-inductive  artificial  leaks  of  high  resistance  distributed  all 

^^long  its  length  to  combat  its  distributive  capacity  appears 

^    lo  be  too  radical  to  be  acceptable  to  the  cable  authorities. 

UBut  il  IS  self-evident  tliat  whatever  good  an  inductive  shuni 

for  artificial  'Ueak  **)  at  the  end  of  a  cable  will  do  in  getting 

rid  of  the  static  charges,  an  inductive  shunt  (or  artificial 

inductive  ^'leak  *')  at  the  middle  will  do  just  twice  as  much. 

Why,   then,  should  the  suggestion   to   utilise  this  known 

property  at  one  or  more  points  along  the  length  of  the  cable 

not  be  put  lo  an  experimental  trial  ? 

Of  the  tendencies  in  the  telephonic  world  I  forbear  to 
i^peak.     Great  Britain  has  little  reason  to  be  proud  of  her 

Bcord — past  and  present^in  that  line.     She  allowed  the 
icrophone,  freely  given  to  the  world  by  its  too  generous 
ventor,  to  be  exploited  as  a  monopoly  by  others. 
The  competition  of  electricity  with  gas  as  a  means  of 
[■illumination  has  been  rendered  very  severe  by  the  improve- 
^Baents  introduced  during  recent  years  in  incandescent  ^% 


,  t&L,  JXfX 


IG 


ADDRESS  OF  THE  PRESIDENT, 


(Kov.  leHi 


some  of  this  waste  ;  and  it  might  do  much  more  withotii 
imposing  any  harmful  restrictions  upon  the  freedom  of  a 
single  individuat  If  it  can  point  out  the  trend  of  opinion, 
the  ameliorations  resulting  from  experience  in  all  parts  of 
the  world ;  if  it  can  help  to  diffuse  amongst  its  membership 
generally  a  knowledge  of  these  things  and  of  the  latest 
discoveries  and  inventions,  the  benefit  it  will  confer  not 
only  on  its  members,  but  on  the  industry  at  large,  will  be 
no  small  one. 

I  therefore  propose  to  direct  your  attention  to  some  of 
the  tendencies  which  manifest  themselves  at  present  in  the 
electrical  world  ;  some  of  them,  doubtless,  transitory^  but 
others  indicating  changes  of  a  permanent  kind. 

In  telegraphy,  the  oldest  branch  of  our  profession,  there 
is  not  much  room  to  chronicle  change.  Nevertheless  there 
is  an  obvious  tendency  to  increased  use  of  automatic 
methods  of  sending.  Slowly  but  surely  the  use  of  the 
automatic  transmitter  is  extending  in  cable  service  ;  whilst 
on  the  Continent  and  in  America  the  advantages  of  the 
Wheatstone  automatic  are  being  gradually  recognised,  as  the 
increase  of  matter  to  be  transmitted  over  existing  land  lines 
causes  a  demand  for  accelerated  methods.  It  may  be  here 
recalled  that  the  very  first  paper  read  before  this  Institution 
on  March  13,  1872,  when  it  commenced  operations  as  the 
Society  of  Telegraph  Engineers,  was  on  the  topic  of  Auto- 
matic Transmission.  The  use  of  alternating  currents  of  a 
fairly  high  frequency  is  also  receiving  attention*  Professor 
Rowland  has  invented  a  multiplex  typewriter  working 
with  alternate  currents.  The  substitution  of  delicate 
optical  receivers,  working  by  photography  for  the  pur- 
pose of  enabling  more  rapid  signals  to  be  received,  for 
the  relays  and  recorders  previously  used,  opens  out  a 
further  field.  Just  as  the  limit  at  which  the  hand  can 
send  is  surpassed  by  the  automatic  sender,  so  the  speed 
at  which  the  eye  can  read  the  visible  motion  is  surpassed 
by  that  of  the  photographic  receiver.  In  this  connection 
the  recent  suggestions  on  the  one  hand  of  Squier  and 
Crehore,  and  on  the  other  of  Pollak  and  Virag,  demand 
careful  attention.  The  experiments  of  the  latter  between 
Buda  Pesth  and  Berlin  appear  to  have  come  as  a  surprise 
to  m^ny  Continental  electricians  not  previously  conversant 
tvi'tJi  tht^  Wheat^tontf  automatic  transmillet  *  \^\vlle  the  sue- 
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that  they  have  oblatned  in  sending  words  at  the  rate  of 
^  per  niinute  over  a  land  line  475  miles 
^^  :      c^  the  familiar  question  whether  a  mile 

ktu*o  erf  Mibterranean  cable  inserted  in  the  line  would  not 
K  illy  barred  the  transmission  and  reduced  it  to 

■n  lies,      W'c   ne€d   not    believe  all   the   nonsense 

clq^phcd  by  special  correspondents  to  the  daily  press 
iroiD  Vienna,  that  home  of  scientific  canards.  But  PoUak 
aod  Virigs  result?i  are  of  nioresubstaJice  than  the  imaginary 
ichsci«iiiciitE  of  Jan  Ssosepanik.  It  is  interesting  to  note 
tJut  in  their  experiments  success  wms  largely  due  to  the  use 
ai  each  end  of  the  hne  of  an  inductive  shunt — a  device 
advocated  so  strongly  for  cables  by  our  late  Past  President^ 
"    \V  1!  iiighby  Smi'th. 

V.  PI  we  turn  to  the  question  whether  such  rapid 
tKlhodsof  signalling  will  prove  of  any  use  un  subterranean 
•r  submarine  cables,  we  are  still  confronted  by  the  old 
iftcnlty  Ihai  no  improvements  whatever  in  apparatus  at 
*e  ends  of  the  cable  will  gel  rid  of  the  sluggishness  inherent 
mtkccaUeitsclf,  if  constructed  upon  the  traditional  patterns. 
The  JUQgHtJon  which  1  advocated  in  1893  of  accelerating 
the  speed  of  signalling  by  attacking  the  problem  in  the 
miHc  Instead  of  tinkering  at  the  ends  has  not  yet  borne 
fniJt.  My  suggestion  to  construct  cables  with  a  series  of 
^f-inductivc  artificial  leaks  of  high  resistance  distributed  all 
ilmg  3i>  length  to  combat  its  distributive  capacity  appears 
t '  be  tou  radical  to  be  acceptable  to  the  cable  authorities. 
But  it  ts  self-evident  that  whatever  good  an  inductive  shunt 
for  artificial  "  leak  '')  at  the  end  of  a  cable  will  do  in  getting 
ud  Ml  the  static  charges,  an  indtictive  shunt  (or  artificial 
imhtctive  **  Irak  '*)  at  the  middle  will  do  just  twice  as  much, 
Wliy,  then,  should  the  suggestion  to  utilise  this  known 
fropcrty  at  one  or  more  points  along  the  length  of  the  cable 
B^M  be  put  to  an  e:iperi mental  trial  ? 

Of  the  tendencies  in  the  telephonic  world  1  forbear  to 

'peak*    Great  Britain  has  little  reason  to  be  proud  of  her 

I— past  and  present— in  that  line.      She  allowed  the 

loncp  freely  given  \o  the  world  by  its  too  generous 

itor,  to  be  exploited  as  a  monopoly  by  others. 

The  campctilion  of  electricity  with  gas  as  a  means  of 

tllittninalion  has  hctm  rendered  very  severe  by  the  improve* 

loents  introduccti  during  recent  ycmi  in  incandescent  gas 
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some  of  this  waste  ;  and  it  might  do  much  more  without 
imposing  any  harmful  restrictions  upon  the  freedom  of  a 
single  iiidividuaL  If  it  can  point  out  the  trend  of  opinion, 
the  ameliorations  resulting  from  experience  in  all  parts  of 
the  world ;  if  it  can  help  to  diffuse  among^it  its  membership 
generally  a  knowledge  of  these  things  and  of  the  latest 
discoveries  and  inventions,  the  benefit  it  will  confer  not 
only  on  its  members,  but  on  the  industry  at  large,  will  be 
no  small  one, 

1  therefore  propose  to  direct  your  attention  to  some  of 
the  tendencies  which  manifest  themselves  at  present  in  the 
electrical  world  ;  some  of  them,  doubtless,  transitory,  but 
others  indicating  changes  of  a  permanent  kind* 

In  telegraphy,  the  oldest  branch  of  our  profession,  there 
is  not  much  room  to  chronicle  change.  Nevertheleas  there 
is  an  obvious  tendency  to  increased  use  of  automatic 
methods  of  sending.  Slowly  but  surely  the  use  of  the 
automatic  transmitter  is  extending  in  cable  service ;  whilst 
on  the  Continent  and  in  America  the  advantages  of  the 
Wheatstone  automatic  are  being  gradually  recognised,  as  the 
increase  of  matter  to  be  transmitted  over  existing  land  lines 
causes  a  demand  for  accelerated  methods.  It  may  be  here 
recalled  that  the  very  first  paper  read  before  this  Institution 
on  March  13,  1872,  when  it  commenced  operations  as  the 
Society  of  Telegraph  Engineers,  was  on  the  topic  of  Auto- 
matic Transmission.  The  use  of  alternating  currents  of  a 
fairly  high  frequency  is  also  receiving  attention.  Professor 
Rowland  has  invented  a  multiplex  typewriter  working 
with  alternate  currents.  The  substitution  of  delicate 
optical  receivers,  working  by  photography  for  the  pur- 
pose of  enabling  more  rapid  signals  to  be  received,  for 
the  relays  and  recorders  previously  used,  opens  out  a 
further  field.  Just  as  the  limit  at  w^hich  the  hand  can  ■ 
send  is  surpassed  by  the  automatic  sender,  so  the  speed  \ 
at  which  the  eye  can  read  the  visible  motion  is  surpassed 
by  that  of  the  photographic  receiven  In  this  connection 
the  recent  suggestions  on  the  one  hand  of  Squier  and 
Crehore,  and  on  the  other  of  Pollak  and  Virag,  demand 
careful  attention.  The  experiments  of  the  latter  between 
Buda  Pesth  and  Berlin  appear  to  have  come  as  a  surprise 
to  many  Continental  electricians  not  previously  conversant 
with  the  VWieatstone  automatic  transv\\\\let  \  ^Wvle  the  sue- 
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^^s  thai  they  have  obtained  in  sending  words  at  the  rate  of 
*r,5oo  lo  1,500  words  per  miniile  aver  a  land  line  475  miles 
iiR  once  more  raises  the  famUiar  quest ioji  vihether  a  mite 
r  two  uf  *»ubterrancan  cable  inserted  in  the  line  would  not 
4VC  dleciuaUy  barred  the  transmisiiion  and  reduced  it  to 
nltnary   ral^,      Wc   need   not   beheve  all   the   nonsense 
ek^npbed  by  Jipecial  correspondents   to   the   daily  press 
:ro«i  Vienna,  that  home  of  scientific  canards*     But  Polhik 
lad  Vila's  results  are  of  more  substance  than  the  imaginary 
KbirviEments  of  Jan  Sosczepanik,     It  is  interesting  to  note 
ttal  in  their  exi>eri  meats  success  was  largely  due  to  the  use 
a!  each  end  of  the  line  of  an  inductive  shunt^a  device 
adtixated  so  strongly  for  cables  by  our  late  Past  President, 
r*  Willoughby  Smith* 

Ulicn    wc  turn    to    the    question    whether  such    rapid 

of  signalling  uill  prove  of  ;iny  use  on  subterrarjcan 

submarine  cables,  we  are  still   confronted  by  the  old 

dtfficulty  that  no  improvements   whatever  in  apparatus  at 

iWends  of  the  cable  will  get  rid  of  the  sluggishness  inherent 

m  the  cable  ih-^U,  if  conslructed  upon  the  traditional  patterns. 

The  si^gestion  which  1  advocated  in  1893  of  accelerating 

I     dbe  ^pced  of  signalhng  by  attacking  the  problem  in  the 

"     mkkfle  instead  of  tinkering  at  the  ends  has  not  yet  borne 

miL    My  su^estion  to  construct  aibles  with  a  series  of 

\\vt:  artificial  leaks  of  high  resistance  distributed  all 

.-^  .1*  length  to  combat  its  distributive  capacity  appears 

►  be  kio  radical  lo  W  acceptable  to  the  cable  authorities, 

clf-cvidcnt  that  whatever  good  an  inductive  shunt 

M^ial  "leak  ')  at  the  end  of  a  cable  will  do  in  getting 

!  the  static  charges,  an  inductive  shunt  {or  artificial 

*ivc  **leak  '*)  al  the  middle  will  do  just  twice  as  much. 

then«  should  the  suggestion    to   utilise   this   known 

rtv  at  one  or  more  points  along  the  length  of  the  cable 

t  to  an  experimental  trial  ? 

I  .   ;.,c  tendencies  in  the  telephonic  world  1  forbear  to 

I    iptak.    Grtfat  Britain  has  little  reason  to  be  proud  of  her 

':  present — in  that  line.      She  allowed  the 

.  ...  ..^,  ...ly  given  to  tlie  world  by  its  too  generous 

tor*  to  be  exploited  as  a  monopoly  by  others. 

on  of  electricity  witli  gas  as  a  means  of 

.*.    been  rendered  very  severe  by  the  improve- 

introduced  during  recent  years  in  incandescent  gas 
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lighting.  The  discover}*  of  the  properties  of  the  rare  earths 
in  giving  an  augmented  illumination — the  result  of  a  purely 
scientific  research — was  the  foundation  of  the  invention  of 
the  Welsbach  mantle.  It  is  singular  that  the  very  same 
properties  were  not  turned  to  account  in  electric  illumi- 
nation before  the  invention  by  Xernst  of  the  lamp  which 
bears  his  name  ;  a  lamp  for  the  commercial  introduction 
of  which  electrical  engineers  are  still  waiting  expectantly. 
Meantime  a  far  more  important  factor  in  the  economic 
struggle  remains  in  a  possible  reduction  of  the  high 
prime  cost  of  electric  wiring  of  buildings.  Could  electric 
house  wiring  be  carried  out  as  simply  and  as  cheaply  as  the 
putting  in  of  gas-pipes  an  enormous  advance  might  be 
confidently  expected.  But  so  long  as  our  station  engineers 
and  our  fire-insurance  inspectors  insist  on  having  both  wires 
fully  insulated,  and  do  not  allow  an  uninsulated  or  a  semi- 
insulated  return  conductor,  so  long  will  this  advance  be 
delayed.  With  the  introduction  of  armoured  conduits  for 
interior  wiring,  surely  the  prejudice  which  requires  a  double 
insulation  will  disappear. 

In  the  public  distribution  of  electric  energj'  for  lighting 
and  power  the  necessities  of  economic  working  are  efifect- 
ing  a  slow  but  sure  revolution.  The  methods  that  were  in 
vogue  at  the  date  when  the  Electric  Lighting  Act  of  1888 
made  electric  distribution  in  this  country  commercially 
possible  are  being  superseded.  Larger  generating  units 
are  being  used  in  our  stations.  Larger  areas  of  supply 
and  fewer  generating  centres  in  an  area  are  a  necessity 
of  the  time.  PYom  the  row  of  little  bipolar  dynamos, 
each  with  its  own  small  high-speed  engine — a  sight  so 
familiar  in  the  older  lighting-stations  of  this  country — 
we  are  gradually  passing  to  the  use  of  large  multipolar 
machines  coupled  to  larger  and  more  economical  steam- 
engines.  Ten  years  ago,  a  distribution  at  six  miles  from  the 
generating  station  was  looked  upon  askance  by  many 
electrical  engineers.  To-day  it  is  recognised  that  the  secret 
of  economical  work  is  to  generate  on  the  large  scale — "  in 
bulk  "  as  the  phrase  goes — and  to  distribute  over  large  areas 
at  an  appropriately  high  voltage.  Whether  the  prime  source 
of  power  be  hydraulic  or  thermal,  the  problems  of  economic 
distribution  are  essentially  identical.  Two  of  the  most 
recent    examples — both     of     water-power    stations — must 
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At  the  Kandenverke  at  Spiez  a  pressure  of  4,000 

c^  (or  the  distribution  of  current  for  lighting  and 

wcr  within  a  radius  of  six  mites ;  but  for  the  tliirty-mile 

.,.K,.,..vn   from  the  same  station  to  supply  the    city  of 

1  the  Biirgdorf-Thyn  raiKvay  a  16^000  volt  pressure 

i.     The  City  of  Milan ^  which  is  ht  by  power  from 

i;^ai.iulic  station  at  Padenio,  tvventy-fonr  miles  distant, 

iV^cs  its  currents  at  13,500  vnlts.    When  electric  energy 

genefated  and  distributed  on  the  larger  scale  the 

tired  methods  suitable  for  parochial  areas  must 

(ivcvr^yto  newer  ones  of  greater  economy.     Continuous 

Uors  and  motors  are  unsuitable  fur  operation 

Lt  economic  voltages.    The  great  stiperiority  of 

rreiits  as^rts  itself  here   uncontested.     And 

^t.T  economy  of  copper  that  is  afforded — ^in  the 

•it  a  given  superior  lumt  of  voltige— by  the  use 

three-phase  ctirrents^  commercial  considerations  of  the 

ttHt  try  order  decree  that  the  fittest  shall  survive* 

h«a.s,  ^,.„.^L-ss,  in  its  time  a  great  advance  when  the  late  Dr* 

tiopkmson  in  this  country,  and  independently  AIn  Edison 

la  America,  mtroduced  the  "three-wire*  system,  in  which 

by  the  employment  of  a  central  or  neutral  wire  three  copper 

coodtictors  u-ere  made  to  snfBcc  where  four  conductors  had 

prrjously  been  needed*    The   obvious  economy  of  using 

Dcutrai  wire  m^tcad  of  tu^o  separate  return  conductors 

lufficient  to  secure  its  rapid  adoption.     But  with  the 

n  of  the  three-phase  distribution  we  may   now 

three  Wires  doing  the  work  of  six,  each  wire,  when 

circuits  are  equally   loaded,    serving  as  a  return  for 

F  the  other  two.     In  cases  where,  as  in  three- 

4,  the  three  lines  are  not  equally  loaded,  w^e 

tmg  a  Y'grouping  with  a  neutral  wire  leading 

'mmon  junction  have  cnc  neutral  wire  ser\ing 

._j   of    ihrti'    scpanitc    return   conductors;    thus 

for^i-ard    Di.    Hopkinson's    idea    to    its    logical 

Experience   in    Heilhronn,   in    Strassburg,   in 

and  a  score  of  other   places  proves  that  the  fear 

ly  expressed  a«  to  difficulties  in  balancing  the  circuits 

In  the  light  of  such  experience    it  is   not 

to  lay  thai  the  use  of  the  three-wire  system  with 

contmitou^  currents  is  obsolete.    Obsolete  it  is  not,  how- 

tny,  in  Ihe  scomt  of  being  dhmed.    Obsolti^  it  is,  ii\  the 
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sense  that  a  better  and  more  economica!  method  is  known 
and  is  already  largely   in   use*     Of   all  the   new  lighting 

stations  now  under  construction  in  middle  Europe,  quite 
two-thirds  are  designed  for  three-phase  work.  Even  in 
Berlin,  where  the  admirably  engineered  group  of  lighting 
stations  on  the  continuous-current  plan  has  been  eminently 
successful,  financially  and  technically,  all  exlen^iions  are 
being  made  on  the  three-phase  plan  ;  and  in  a  few  years 
the  whole  will  probably  have  been  converted  to  alternating 
currents* 

White  the  continuous  current  is,  of  course,  the  only 
species  admissible  for  electrolytic  work  with  all  its  rapidly 
growing  applications  in  the  chemical  industries,  the 
superiority  of  alternating  currents  for  motive  power  and  for 
all  long-distance  work  is  every  day  becoming  apparent. 
Only  a  very  short  limu  ago  it  was  the  fashion  to  decry 
alternating  currents  on  the  alleged  ground  that  alternating 
current  motors  were  not  self-starting.  That  reflection  might 
have  had  some  weight  ten  years  ago.  But  the  simple 
truth  is  that  continuous  currents  will  not  work  motors 
at  all  except  toys  of  the  old  Barlow  wheel  type.  Let 
him  who  doubts  this  statement  ask  himself  what  is  the, 
purpose  of  that  costly  organ,  the  commutator,  which  is  au" 
integral  part  of  every  so-called  continuous-current  motor. 
The  sole  function  of  a  commutator  is  to  commute  a  con- 
tinuous current  into  an  alternating  one,  or  vice-vcrsd.  If  a 
continuous  current  will  drive  a  motor,  why  go  to  the  expense 
of  putting  into  any  motor  a  commutator  to  commute  that 
current  into  an  alternating  one  inside  the  machine  ?  More^ 
over,  the  unnecessary  commutator — for  it  is  unnecessary  if 
the  currents  are  supplied  to  begin  with  as  alternating 
currents — introduces  the  risks  attendant  upon  the  use  o^ 
**  brushes  " — risks  which  have  led  the  insurance  companiea' 
to  prescribe  that  all  motors  with  commutators  should  be  put 
in  fire-proof  enclosures.  Let  it  be  once  realised  that  the 
commutator  is  an  unnecessary  excrescence  due  to  the 
supply  of  a  particular  kind  of  current  which  won't  work  a 
motor  until  commuted,  and  that,  with  the  supply  of  the 
proper  kind  of  current,  no  commutator  is  needed,  and  before 
long  we  shall  see  these  restrictions  withdrawn.  A  common 
grindstone  is  a  thousand  times  more  likely  than  a  well- 
canstructed  modern  commutatoriess  molov  Vo  c^^u^  3,11  out 
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break  of  fire.    Yet  no  one  prescribes  fire-proof  enclosures 
around  grindstones  in  any  ordinary  factory. 

Another  tendency  of  the  times  is  the  simplification  of 
the  switchboard,  its  construction  of  fire-proof  materials 
throughout,  and  wth  more  roona  both  before  and  behind 
for  the  good  arrangement  of  gear  and  connections,  and  the 
avoidance  of  an  unnecessary  multiplication  of  fuses.  The 
:u'oidance  of  step-up  transformers  by  direct  generation  at 
high  voltage  is  in  itself  an  obvious  step  toward  simplifi- 
cation. 

In  the  working  of  alternate-current  generating  stations, 
e  parallel  running  of  a  number  of  generators  is  a 
^sity,  the  station  engineer  ha=*  alwayi^  had  before  him 
the  fear  of  a  serious  breakdown  should  anj'thing  happen  to 
one  of  the  generators.  If  the  field  magnet  of  any  one 
generator  loses  its  magnetism  through  any  failure  of  the 
citing  current,  then  all  the  other  generators  instantly  pour 
an  immense  current  through  its  armature,  with  dire  disaster 
not  only  to  it  but  to  the  station  as  a  whole.  All  manner  of 
devices  have  been  designed  to  combat  this  dread  eventuality. 
Fuses  and  safety-devices  of  every  description,  including 
;iutomatic  disconnecting  gear  warranted  only  to  operate  for 
currents  in  opposition  of  phase,  are  found  not  always  to  do 
.their  duty.  Much  discussion  has  arisen  as  to  whether  the 
citation  of  ahernatoi-s  in  parallel  ought  to  be  an  excitation 
parallel^  or  whether  each  alternator  ought  to  be  provided 
ith  a  sep^u'ate  exciter  on  its  own  shaft.  Even  excitation  in 
uplicatc  from  two  independent  sources  has  been  tried.  It 
satisfactory'  to  note  that  a  means  has  been  discovered 
hich  will  entirely  remove  this  source  of  anxiety,  and  render 
such  accidents  impossible  in  the  future.  Let  me  here 
larratc  a  test  described  in  a  recent  number  of  the  BuUdut 
\e  la  Socivte  Inierftationale  ti^s  Eicctrktais  ( December,  1898, 
p,  498)  upon  two  alternators  of  250  kilo  watt  Ji  each,  direct- 
driven  at  67  revolutions  per  minute  by  two  horizontal  com- 
^^HJund  engines,  the  alternators  being  constructed  by  the 
^K*elI-knovvn  house  of  Farcot.  Both  alternators  were 
^Heparately  excited^  and  were  synchronised  together  and  put 
^Hti  [xirallel  in  the  usual  manner.  While  thus  running,  the 
^Kxcitalion  was  suddenly  cut  off  from  the  field-magnets  of 
^Kine  alternator,  and  then  the  steam  was  cut  of!  trom  l\\e 
^^migliie  of  the  other  alternator,    which   remained  exc\led. 
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Both  muchines  continued  to  turji,  the  unexcittid  ahernator 
continuing  the  supply,  furnishing  current  for  the  hghting 
circuit  and  also  supplying  enough  current  to  continue 
to  drive  at  nearly  normal  speed  the  other  machine  and  its; 
engine-  This  extraordinary  test,  repeated  many  times,  took 
place  in  the  electric  lighting  station  of  St.  Ouen.  The  ex- 
planation lies  in  the  construction  of  the  allerJKitor^,  Their 
revolving  licld-maguets  are  furnished,  on  the  plan  suggested 
by  Monsieur  M,  Leblanc,  with  the  device  ternied  by  him  an 
(luiortissarrt  which  is  nothing  else  than  a  simple  and  sub- 
stantial squirrel  cage  of  copper  embedded  in  the  pole-pieces 
of  the  field- magnets^  each  pole  being  perforated  with  six 
slots  to  receive  six  stout  copper  rods,  the  whole  of  which 
are  .short-circuited  together  by  two  external  rings  of  copper. 
We  are  all  familiar  with  the  device  of  the  embedded 
squirrel -cage  construction  introduced  by  Dobrowolsky  and 
Brown  nearly  ten  years  ago  into  the  so-called  rotors  of  poly- 
phase  motors.  In  these  tnotors  the  squirrel-cage  structure 
revolves  at  a  slightly  lower  speed  than  that  of  tlie  revolving 
magnetic  field  *  and  it  has  long  been  known  that  if  the  same 
structure  is  mechanically  caused  to  revolve  at  a  speed  slightly 
above  synchronism,  the  machine  becomes  a  generator,  taking 
power  to  drive  it.  In  brief,  the  induced  eddy-currents  in  the 
copper  structure,  when  revolved  above  or  below  synchronism^ 
magnetise  it  and  make  it  act  as  a  licid*magnet.  Leblanc, 
adapting  this  device  to  the  actual  tield-magnets  of  alternators, 
has  not  only  simplified  the  operation  of  synchronising,  but 
has  given  to  the  alternator  the  new  and  remarkable  property 
that,  on  the  failure  of  the  excitation  from  the  urdijiary 
source,  the  automatic  action  of  the  eddy-currents  comes 
into  play,  and  thereby  entirely  prevents  the  disastrous 
reactions  which  have  been  so  much  dreaded  by  station, 
engineers.  I  regard  this  invention  as  one  of  the  most 
important  of  recent  years.  It  has  been  applied  also  to  the 
600  kilowatt  alternators  in  the  sector  of  the  Ciiamps  Elysees 
in  Paris. 

Passing  from  the  generation  of  current  to  its  utilisation  j 
for  electric   traction ,  the  most   notable   evolution    now  in  j 
progress  is  that  of  the  application  of  electric  power  to  heavy  1 
railways.     The   application  to  street   railroads  —  in    other 
words  to  meii^  tramways^has  been  an  accomplished  fact 
for  ten  years  on  the  other  side  ot  the  Atlantic,  where  there 
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an;  now  thotiiaftds  of  miles  of  electric  tramwa)%  mositly 

ivaiuixi  from  ovierbcad  lines  from  which  the  current  is 

tikcn  by  a  <  troIIey-wheel,     If  in    this  countn^  the 

ckvelopmcnl  nc  tramways-  hii-^  btfen  slower,  we  have 

kast  the  advantage  that  our  cities  are  not  disligured  by 

overhead    trolley   hnes.     Xo  such    ohjectinns 

rural  dL^tncts,  and  slowly  but  j^ureiy  both  the 

and  agricultural  districts  of   Enyland   are  being 

led  with  electric  intercomnuinication  with  its  many 

laiit  adv^uiUi^es,     It  may  conie  its  a  surprise  to  many 

who  think  England  behindhand  in  this  respect,  when  they 

^om  that  while  the  total  subscribed  capital  invested  in  this 

I      amiUry    in     1K99    for    public    electric    supply     is    about 

^■|i7«toi>,ooo,  no  less  than  ^20,800,000  is  already  invented  in 

^B|^ric  traction.     OI  the  effect  of  the  introduction  of  electric 

^BPSon  as  a  social  and  economic   f;ictor   I   have  spoken 

cbev^hcTc*     There  can  be  no  question  of  the  uumense  social 

Vr.cht,  parliculirly  to  the  artisan  population^  afforded  by 

'\a^  iuvdiiy.     But  the  electrical  engineer   is   now   engaged 

m  ti>e  still  greater  problem  of   operating  heaiy  railways, 

^tbc  development  in  this  branch  is  being  watched  with 

ietn  interest*     The  two  dcep-kvel  railways  m  London,  the 

and  South  London  Railway  and  the  Waterloo  and  City 

L)\both  of  which  have  amply  justified  their  promoters^ 

lorlly  4o   lie   supplemented   by   the  Central  Electric 

iy»  an  undertakuig  of  much  greater  magnitude,  while 

\€t  simitar  schemes  are  either  under  construction 

vd.     In  the  City  and  South  Limdun  Railway  the 

stock  is  designed  for  separate  electric  locomotives 

dtawing  three  passenger  ciirs.    The  gauge  is  4ft.  8|ins» 

Oil  ibc  Waterloo  and  City  hnc  the  trains  consist  each  of 

Wears  of  winch  the  two  end  ones  are  fitted  with  motors, 

""*f  Trr'tnr?*  on  each  Icrrainal  car,  so  that  the  train  can  be 

y  either  set  of  four  mutors.     Each  train  can  carry 

,^  pa^hcfigeni.    The  gauge  is  4fL  H^ins.,  but  owing  to  tlie 

'^  of  the  tunnel   ordinary  railway  rolling   stock   could 

ot  be  us&eiL     In  the  Central  London  line  the  gauge  is  also 

.ttSjin^,    The  locomotives,  each  with  four  gearlcss  motors, 

^gtiah  —  •   "^  each.     Each  will  draw  a  tnnn  of  seven  cars, 

^^B^  -  capacity  of  336  persons  per  train.    The  total 

^E^th,  locludtng  sidings  and  cross-over  lines^  exceeds  eight 

^Bei  uf  double  tod*. 
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In  all  three  of  thes^e  railways  the  current  is  taken  from  a 
third  rail  on  the  surface^  and  the  return  circuit  is  through 
the  ordinary  rails,  which  for  this  purpose  are  bonded  with 
copper  bonds.  AU  these  lines  are  operated  by  continuous 
currents  at  400  to  500  volts.  In  the  case  of  the  Central 
London  line,  part  of  the  feeding  is  effected  through  rotatory 
converters  which  receive  three-phase  currents  from  step- 
down  transformers. 

In  sharp  contrast  to  these  three  London  undertakings 
is  the  Burgdorf-Thun  railway  in  Switzerland,  which  was 
opened  in  July  last.  It  is  in  every  sense  of  the  word  a 
full-gauge  railway.  Not  only  is  its  rolling  stock  full  gauge 
(the  full  gauge  of  Switzerland  is  4ft.  8iin.)i  but  the 
railway  admits  of  use  by  ordinary  steam  locomotives,  drawing 
ordinary  trains.  The  electric  rolling  stock  is  of  two  kinds — 
automobile  cars  carrying  66  passengers  each,  for  use  singly 
or  in  pairs,  and  locomotives  of  300  H,F*  each,  for  drawing 
trains  of  ordinary  carriages  or  goods  wagons.  This  railway 
is  worked  by  alternating  currents  supplied  in  three  phases, 
at  750  volts,  the  feeding  being  effected  through  stationary 
transformers  at  16,000  volts.  The  currents  are  taken  from 
two  overhead  conducting  wires,  the  rails  serving  as  the 
third  conductor*  The  length  of  line  thus  electrically 
equipped  is  40  kilometres,  or  26  mi!es<  The  arrangements 
were  designed,  and  the  electrical  equipment  constructed, 
by  Messrs.  Browti,  Boveri  &  Co.,  of  Baden,  who  were 
the  first  to  apply  three-phase  currents  to  traction.  In  the 
Lugano  tramways  as  a  commencement,  then  in  the  steep 
mountain  light  railwavs  of  Engelberg,  of  the  Gornergrat, 
and  lastly  of  the  Jungfrau,  they  gained  experience  in  this 
method,  which  now  stands  triumphantly  demonstrated  in 
its  adaptability  to  the  service  of  heavy  lines.  In  the 
United  States  heavy  railways  have  been  to  a  very  limited 
extent  operated  by  electric  locomotives.  Some  built  for 
the  Baltimore  and  Ohio  Railroad,  weighing  about  90  tons, 
are  employed  to  draw  ordinary  trains  over  a  short  line  - 
around  part  of  the  city  of  Baltimore*  They  work  with  I 
continuous'currents  from  overliead  trolley  lines. 

There  can  be  little  doubt,  however,  that  to  Switzerland 

rather  than  to  America  we  must  look  when  desiring  guidance 

as  tu  the  future  development  of  this  problem.    AU  necessary 

ilt  now  exist  for  the  exact  working  owl  ol  IW  ivt-c^^^T^ 
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equipment  of  any  given  line,  actual  or  projected. 
Xo  experiments  are  needed  to  enable  the  constructor 
to  proceed,  so  soon  as  it  shall  have  been  determined 
which  kind  of  current  is  to  be  osed.  Already  it  has 
been  found  in  the  designing  of  the  Central  London  line 
that  continuous  current  methods^  however  suitable  for 
light  and  short  railways,  and  for  tramwaj-s  where  frequent 
Kstoppages  occur,  fail  when  the  current  has  to  be  supplied 
^ffom  a  distance  of  several  miles,  alternating  currents  being 
brought  in  because  of  their  greater  economy  in  trans- 
mission. The  extraordinary  thing  is  tliat  this  having  been 
>o  far  grasped,  the  whole  of  the  rest  of  the  equipment  was 
not  designed  to  match  with  three-phase  motors,  instead  of 
introducing  the  complication  of  rotatory  converters  to  work 
continuous-current  motors.  Time  alone  can  show-  how 
the  mixed  system  adopted  will  work  in  practice.  To  me 
the  choice  of  the  mixed  system  appears  of  doubtful  wisdom. 
Perhaps  the  distinguished  engineers  who  are  understood  to 
be  spending  £^30,000  on  experiments  for  the  Metropolitan 
Railway  to  enable  them  to  recommend  the  best  system 
for  our  inner  circle  underground  line  unll  shortly  be  able 
to  report  whether  a  simple  three-phase  system  throughout 
■K^  or  is  not,  more  economical  than  either  a  continuous 
^Burrent  system  throughout  or  than  a  mixed  system  with 
^bohverters.  If  they  do  not  settle  tfiis  question,  which  is 
to-day  the  one  important  question  in  electric  railway  work 
not  yet  settled,  we  must  regard  the  expenditure  as  pure 
waste, 

Returninj^   to   the  question    of  electric  tramways,   the 
problem    of    the    hour    is    the    equipment    of    busy   city 
thoroughfares,  where  for  obvious  reasons  overhead  wires 
ire  inadmissible.    To  all  the  three  possible  methods  that 
dispense  with  overhead  construction,  viz,,  by  accumulators 
carried  on  the  car,  by  use  of  slot  conduits  in  the  road,  and 
by  use   of  surface   contacts,  objection?;  are  not  wantintj, 
^Accumulators  are  found  too  heavy  and  too  short-lived  to 
^Be  satisfactory.     Conduit  constructions  are  objected  to  as 
^^^^DostlVp  and  as  interfering  too  much  with  the  roadway, 
^VmSle  to  surface-contacts  there  is  brought  the  terrible  indict- 
ment— worse  than  any  against  the  conduit — that  nobody 
Kas  IkkI  experience  of  them.     You  are  aware  that  \\\  tt\\s 
u£srion  0/  sur/hce'contact  systems  of  tramways  I  am  an 
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tinct  lines  of  progress,  and  some  of  these  topics  will 
doubtless  form  the  subjects  of  discussion  at  our  meetings 
during  the  session  now  beginning.  I  venture  also  to  express 
the  hope  that  the  question  of  the  distribution  of  electric 
energy  on  the  large  scale  may  be  brought  before  our 
members  for  discussion.  Nothing  can  be  more  helpful  to 
the  industry  generally,  just  at  present,  than  the  free  discussion 
of  a  topic  which  is  likely  again  to  engage  the  attention  of 
parliament,  and  which  ought  to  be  discussed  from  the 
standpoint,  not  of  restricted  parochial  or  municipal  interests, 
but  of  its  bearing  on  the  wider  interests  of  national  and 
public  economics,  and  of  the  industry  at  large. 

In  commemoration  of  the  centenary  of  the  discovery  of 
the  pile,  by  Alessandro  Volta  in  1799,  the  city  of  Como,  his 
birthplace,  has  this  year  held  high  festix-al.  Beyond  contest 
this  discovery  of  a  means  of  generating  chemically  a  steady 
electric  current  constitutes  the  starting-point  of  the  entire 
modern  development  of  the  science  of  electricity.  Though 
that  modern  development  turns  upon  the  subsequent  dis- 
coveries and  inventions  of  others — the  discovery  of  the 
magnetic  properties  of  the  current  by  Oersted,  the  invention 
of  the  soft-iron  electro-magnet  by  Sturgeon,  the  discovery  by 
Faraday  of  the  fundamental  principles  underlying  the 
dynamo  and  the  transformer,  together  with  many  others  of 
le.-^scr  moment — it  still  remains  true  that  to  the  genius  of 
Volta  we  owe  the  initial  impulse.  His  memorable  letter  of 
June,  1800,  to  Sir  Joseph  Banks,  first  describing  the  pile, 
marks  the  opening  of  a  new  epoch  in  the  history  of  civilisa- 
tion. Without  that  discover}'  we  now  possess,  neither 
telegraph  nor  telephone,  neither  electric  light  nor  electric 
prjwer,  electrotj^ping  and  electroplating  would  exist.  Com- 
merce, diplomacy,  warfare,  and  journalism  would  have 
remained  in  a  totally  different  stage  of  development  from 
that  in  which  thev  are  to-dav.  In  brief,  we  should — with  the 
modifying  circumstances  of  the  steam-engine  existing  for 
power  and  the  ;^as-jet  for  light — be  still  living  in  the  stage 
of  civilisation  of  the  eighteenth  century. 

The  Volta  centenary  was  commemorated  at  Como  by 

the  erection  of  an  exhibition  and  the  holding  of  a  series  of 

celebrations.     Unfortunately  the  exhibition  was  destroyed  on 

July  9th  by  a  calamitous  fire,  in  which  not  only  a  fine  collec- 

tion  of  modern  electrical  machinery  w^ts  d^sVto^j^d^  bwt  a 


AD&RES5  OF  THE  PHEsnsorr. 


number  ot  Vohs  >  or^giiiii  auiinwi^te  and  m 
part   erf  bis  Mstorical 
i.»nginaJ  pQe  and  itinwcfiow-B 

now  eodiriaed  m  fte  Cmc  WaBCMOi  at  Gomo. 
d^inled,  tbe  otino^  of  Camo : 
wbidi  vas  re^^opcood  in  lis  t^>>4iR9  dns» 
celebrations  ipcre  bdd  ivo  Cos^rcKs:  aar  a 
^dqgi^riiists*  in  June ;  ibc  odber  a  ^ 
pteosocr.    Xo  uiiiUtjcxi  to  send  4 
recopsd  ojr  nis  liislifiitioai^  and   Millliiir  ii 
teh  Post  QftoemasoftmBy  irpfrymrf     Fc 
tel^aphisls^  nooe  of  fluan  iM'mlms  m 
u'crc  reported  a&  hairtiig  occq 
having  been  convened'  W  Ac   Ita£si  Minrtrr  ^ 
.uid  Td^iapbs  and  bong  atioided  W « 
vamits  European  Adgnnrtrafvins  nanw  of 
of  tbcfaigbest<feliDCtionial 
e^tfaordtnarc,  to  sy  the  kas^  flial  fiie 
'-Genial  w^  not  reprsenied  no  Ae 

of  Ek<:Srkiuis  was  crgmised  b^flK  ao^opastatmi 
of  tbePfayskaiSodetyof  Italy,  of  vlik±Prafea»rRn^ 
Florence  b  President,  and  at  ibc  Ilaimn  ^saocm6om  df 
Elc^ctiicai  Engineers^  niudi  has  fananciies  in  Ifibo,  Toi^ 
Genoa,  Rome,  Naples,  »id  i^enoOpaiid  of  mtedi  PiofcMOr 
the  Huo,  Gm^eppe  ColDmbci  is  PresidaiL 

At  this  Congress^^  which  disttngtndiedetectricaas  fauB 
France,  Germany,  Holland,  Svitacriand,  and  Fiidand  were 
at,  this  Institution  wm  fcfyeseoted  by  ProfeaKr 
Past  President,  and  by  nnrscii  The  Italian 
tysictsts  and  dectrical  engineers  attended  in  grol  loroe. 
~  proceedings  of  the  Coogr^s  vere  earned  on  w^  gpc^ 
and  many  matters  of  the  bighcsl  sctentifc  and 
nicaj  importance  were  discttssed  in  its  various  sessJoos, 
the  sittings  vere  oondoded,  two  days  wm^  derated  ia 
to  tbe  lar^  generating  Nations  at  Pidemo  aoff  aft 
t£20la ;  tbe  former  taking  power  from,  the  river  Adda 
(trhich  flows  out  of  the  Lago  di  Cooso),  and  supplying 
eie^^ric  cttrrent  for  transmission  at  high  \x>]tage  to  the  city 
of  Milan ;  the  latter,  not  yet  quite  conqileted,  taking  water 
from  the  riv^r  Tidno,  which  drains  the  Lago  Maggiore^  and 
distributing  its  citirents  to  the  mdusthal  touns  of  Galiarate, 
L^nM^o^  iMid  Samms  Lomb^rdo,  within  a  radius  ol  some 
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twenty-five  miles.  Alike  from  the  point  of  view  of  electrical 
and  hydraulic  engineers  these  stations  are  of  the  highest 
interest,  presenting  as  they  do  sp)ecial  features  different  from 
those  of  almost  all  other  kindred  enterprises.  Our  Italian 
brethren  may  well  be  proud  of  the  engineers  who  have 
found  the  solutions  for  these  special  problerasof  construction, 
and  carried  those  solutions  to  practical  success. 

This  year  is  also  marked  by  the  establishment,  with  a 
Government  grant,  of  the  National  Physical  Laboratory  for 
the  standardising  and  certification  of  scientific  instruments, 
and  for  physical  research  on  well-defined  lines.  Though 
thus  commenced  on  a  modest  scale,  the  circumstance  marks 
an  event  of  national  importance. 

I  cannot  forbear  to  direct  your  attention  to  another 
matter  of  public  interest,  and  one  which  exercises  an 
influence  on  all  attempts  at  developing  new  enterprises. 
It  is  only  too  notorious  that  the  whole  question  of  financial 
development  of  new  inventions  is  in  this  country  in  a  most 
unsatisfactory-  state.  The  promotion  of  joint-stock  com- 
panies under  the  Limited  Liability  Acts  has  become  a  public 
scandal.  In  the  eighties  a  heavy  blow  was  given  to  the  real 
progress  of  electric  lighting  by  the  reckless  promotion  of 
bubble  companies  with  inflated  capital,  causing  the  loss  of 
millions  of  money  upon  foolish  and  worthless  schemes.  In 
the  year  1882  no  less  a  total  than  ;^'23,ooo,ooo  of  nominal 
capital  was  registered  in  electrical  company  schemes  alone. 
In  the  nineties  a  similar  reckless  speculation  has  been 
witnessed  over  bicycles  and  automobiles.  Happily  electric 
traction  has  largely  escaped  this  curse  ;  and  it  will  be  an 
evil  day  for  any  of  the  newer  developments  of  electrical 
engineering  if  a  like  craze  should  overtake  them.  There  is 
something  amiss  in  our  economic  machinery  when  such 
scandals  can  recur.  Nothing  is  more  familiar  to  those  who 
have  to  deal  with  new  inventions  or  to  those  who  as  con- 
sulting engineers  have  to  advise  and  report  upon  them  than 
the  ever-recurring  difficulty  of  getting  them  financed  on  a 
sound  basis.  Suppose  that  there  is  an  invention  of  a 
thoroughly  sound  character,  properly  protected  by  patents, 
but  requiring  time  and  money  to  establish  itself  com- 
mercially. Suppose  that  there  is  required  a  capital  of  from 
;^io,ooo  to  ^^25,000  to  put  it  upon  a  commercial  basis.  In 
the  present  state  ot  public  finance  iu  this  country  the 
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conntries^  it  behoves  us  to  do  all  we  can  to  make  our 
Institurion  ot  ase  to  our  members  ot  ail  grades,  and  par- 
ticularly tii  «->Lir  yr^ungcr  members.  One  great  dutj-  which 
we  owe  to  them  :.s  ttj  turniih  them  with  the  latest  informa- 
tion a.--  to  the  progress  ot  eLectrical  development,  the 
dcrt-elopment  not  only  ot  tndnitrial  undertakings,  of  new 
m.'ichinery,  ot  new  matenaL?,  and  ot  new  inventions,  but 
2tho  of  pure  science,  upan  which  all  technical  develop- 
ments are  in  truth  based.  From  the  \-ery  firet  year  of  our 
exL-itence — 1872 — we  have  al^s-ays  issued,  in  oar  Journal  of 
Ptoceedings.  abstracts  and  extracts  ot  scientific  and 
technical  papers  published  at  home  or  abroad.  Two 
years  ago  we  joined  with  our  colleagues  of  the  Physical 
Societv  in  brin;;in;j  out  in  the  monthlv  numbers  of  Science 
Abstract  I  3l  tar  more  complete  digest  of  electrical  progress 
"han  we  vvere  previoa-!y  in  a  p«>?:lion  to  produce.  To  carry 
on  this  publication  both  we  and  the  Physical  Society  have 
had  to  de^'ote  considerable  sums,  and  indeed  one  of  the 
reason.-,  why  we  had  a  year  ago  to  raise  the  fees  paid  by  our 
students  w2l^  avowedly  to  meet  the  financial  burden  which 
we  harl  thus  as-sumed  for  the  purpose  of  disseminating 
knowledge.  I  venture  to  think  that  every  penny  thus 
spent  has  been  a  most  wise  outlay,  and  one  of  which  we 
arc  already  beginning  to  reap  the  fruits.  Our  members 
all  over  the  country  and  in  distant  lands  are  thus  kept 
informed  month  by  month  of  the  progress  of  the  science; 
and  they  increasingly  appreciate  their  connection  with  the 
Institution.  I  know  of  no  means  better  calculated  to  keep 
onr  younger  men  abreast  of  the  times  than  by  putting 
into  the  hands  of  every  one  of  them  this  admirable  com- 
pilation. 

But  the  needs  of  our  Institution  do  not  end  with  the  effort 
to  keep  our  members  informed  of  the  progress  of  science. 
We  have  other  demands  upon  our  funds  of  a  ver>'  pressing 
character.  The  Benevolent  Fund  established  a  few  years 
ago  upon  an  independent  basis  has,  though  small,  been 
a%ailabiC  for  helping  necessitous  members.  In  this  connec- 
tion every  member  of  the  Institution  will  rejoice  to  learn  of 
a  great  and  generous  offer  which  has  just  been  made  to  us. 
One  of  our  honorary  members,  Mr.  Henry  Wilde,  F.R.S., 
a  name  memorable  as  that  of  the  pioneer  in  the  sixties  of 
the  early  forms  of  dynamo  machine,  both  continuous  and 
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alternating,  and  of  their  application  to  lighting,  to  deposition 
of  copper,  and  to  the  transmission  of  power,  has  offered  to 
the  Institution,  and  the  Council  has  accepted,  a  sura  of  ;^'i,5oo 
for  the  purpose  of  constituting  a  Benevolent  Fund.  I  need 
only  mention  this  to  secure  your  cordial  acknowledgment 
of  the  great  generosity  of  Mr.  Wilde,  whom  two  years  ago 
we  elected  an  honorary  member  in  recognition  of  his  claims 
on  the  electrical  community. 

From  the  very  beginning  we  have  been  accorded  by  our 
generous  hosts,  the  Institution  of  Civil  Engineers,  the 
privilege  and  advantage  of  holding  our  meetings  in  this 
hall.  If  some  of  us  feel  that  with  the  rapid  growth  of  our 
own  body  the  time  is  coming  when  we  ought  to  be  taking 
active  steps  toward  providing  ourselves  with  a  home  of  our 
own,  it  is  not  because  we  are  not  deeply  grateful  for  that 
privilege.  Nay,  rather  the  circumstance  that  our  growth 
compels  us  to  contemplate  this  step  is  a  perpetual  reminder 
of  the  courteous  generosity  which  has  itself  been  no  small 
factor  in  promoting  our  welfare  and  our  increase.  The 
founding  of  our  Building  Fund  six  years  ago  was  due 
largely  to  the  foresight  and  fostering  care  of  our  then 
Treasurer  and  Vice-President,  Sir  David  Salomons.  At  his 
instigation  we  have  annually  set  aside  such  sums  as  we 
could  spare  from  our  surplus  income,  and  our  nucleus  of  a 
Building  Fund  stands  this  autumn  at  ^^5,000  so  accumulated. 
The  Council  has  for  some  months  been  quietly  prosecuting 
inquiries  for  a  suitable  site;  and  it  has  recently  decided  to 
issue  a  circular  drawing  attention  to  the  Building  Fund,  and 
suggesting  to  members  of  all  grades  the  expediency  of 
subscribing  for  the  next  few  years  an  annual  contribution 
thereto.  If  by  this  means  we  can  treble  or  quadruple  our 
present  fund,  we  shall  be  ready  at  least  to  begin  to  build 
when  a  suitable  site  shall  have  been  found.  And  it  is  most 
earnestly  to  be  hoped  that  the  generous  example  of  Mr. 
Wilde  will  stimulate  others  of  our  wealthy  members  to 
rival  his  gift  by  valuable  donations  to  the  Building 
Fund. 

Finally,  I  would  speak  of  the  growth  of  the  Institution 
itself.  From  a  total  membership  of  no  in  1872  w^e  have 
increased,  as  the  accompanying  table  shows,  to  a  total  of 
3,254  at  midsummer,  1899,  and  the  statistics  show^  clearly 
^Aat  the  rate  of  increase  is  itself  increasing.   In  the  establish- 
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merit  of  the  new  class  of  Associate  Member  we  think  we 
.ha%*e  secured  a  new  element  of  strength.     With  Ihe  growth 
uf   total    membership  has  come  a  new  mo%ement  for  tht 
grouping  of  our  provincial  members  in  local  branches.     The 
Council  has  appointed  a  committee  to  organise  these  ;  and 
already  prepirations  are  on  foot  for  constituling  two  local 
centres  in   the  north,  and  another  in    Ireland  ;  while  our 
South   African   members  have   already   constituted   them- 
selves  informal ly   into   a   local    branch »  holding  meetings 
in  Cape  To\\*n,  which  will  shortly  be  officially  recognised 
undei'  our  new  Article.^  of  Association.     All  these  are  signs 
of  active  progress.     The  novel  departure  made  last  summer, 
when  the  Council  sanctioned  the  suggestion  of  an  official 
visit  to  Switzerland,  has  already  borne  fruit  in  many  ways, 
Tlie  Swiss  tour  brought  together  many  of  those  who,  thou^jh 
active  members  of  the  profession,  cannot  often  attend  the 
dinary  meetings  in  London,     It  not  only  enabled  us  to 
what  Swi?3is  engineers  are  doing  ;  it  bn>ught  us  into  the 
lost  pleasant  personal  touch  with  our  able  and  courteous 
ss  confreres^  and  it  procured  for  us  an  invitation  to  pay  a 
ilar  visit  to  Germany  at  a  date  in  the  near  future.     But, 
t  of  all,  it  has,  I  think,  enabled  some  of  us  to  realise 
iiore  fully  than  vve  did  before  the  value  of  our  connection 
ith   our  own   Institution  of  Electrical  Engineers;  it  has 
Lught  us  what  the  power  and  usefulness  of  our  Institution 
lay  be  ;  and  it  has  knit  us  together  and  inspired  us  to  do 
'hat  we  can  to  promote  its  prosperity  and  the  prosperity  of 
the  great  industry  which  it  represents-     In  this  spirit,  and 
th  the   note   of  progress  sounding    in    our  ears^    let  us 
on  the  work  of  the  session  now  opened. 


Mr,  R,  Kayk  Gray  :  I  liave  great  pleasure  in  being  the 

t;dium  of   conveying  to    Dr,  Thompson  our  thanks  for 

extremely  lucid  paper.     Every  one  in  this  room  knows 

it  when  Dr.  Thompson  sets  himself  to  work  to  describe 

his  fellow-members  the  things  that  he  has  in  his  mind 

docs  it  wellj  and  I  think  that  to-night  we  have  certainly 

Id  an  example  of  his  power.     It  would  be  quite  super- 

lous  tor  me  to  say  any  more  about  a  man  so  well  knowji 

I  us  all,  and  with  these  few  words  I  move  '*  That  the  best 

inks  of  this  Institution  be  accorded  to  Dr-  Thompson  for 

^^i  interesting  3nd  valuable  address,  and  that,  with  bis 
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permission,  the  address  be  printed  in  the  Journal  of  the 
Proceedings  of  the  Institution/* 

Mn  MORDEY  I  The  honourable  task  has  been  imposed 
upon  me  of  seconding  this  resolution  of  thanks  for  this 
admirable  address.  I  do  so  with  very  great  pleasure— indeed 
with  particular  pleasure.  We  have  known  Dr.  Thompson 
in  a  great  many  capacities — as  teacher,  as  writer,  as  investi- 
gator^  and  as  a  historian  of  electrical  progress.  And  now 
we  see  him  in  a  new  capacity — in  two  new  capacities,  as 
President  of  this  Institution  and  as  a  prophet.  For  to-night 
he  has  departed  from  the  usual  practice.  In  his  Presidential 
address  he  has  deah,  not  with  the  past,  with  which  he  is 
very  competent  to  deal^ — as  are  all  successful  prophets— but 
with  the  future.  This  has  been  a  fighting  address.  Dr. 
Thompson  has  peered  into  tlie  futnie  ;  he  has  seen  things 
that  are  happening  in  that  future,  and  he  has  come  here 
and  told  us  what  those  things  are.  1  think  that  we  might 
do  a  great  deal  worse  than  devote  the  rest  of  this  session 
to  discussing  the  Presidential  address. 

The  vote  was  carried  by  acclamation. 

The  President  ;  I  need  not  say  that  I  thank  you  very 
heartily  for  your  appreciation  of  my  attempt — not  to  predict 
the  future,  for  certainly  1  do  not  admit  that  I  am  qualilied 
to  play  the  rSk  of  prophet — but  1  think  I  may  be  able  to 
discern  certain  tendencies,  a  certain  trend  in  the  progress 
of  events,  and  I  thought  it  might  be  well  to  point  out  to 
you  those  which  appeared  to  me  to  be  signiticant. 

While  thanking  very  kindly  Mr.  Gray  and  Mr,  Mordey 
for  the  words  of  appreciation  which  they  have  expressed^  I 
should  certainly  not  desire  that  the  whole  of  the  rest  of  this 
session  should  be  devoted  to  the  discussion  of  my  address, 
because  we  have  already  adopted  a  programme  for  our 
session.  A  considerable  number  of  papers  have  been 
offered,  to  which  the  meetings  in  the  immediate  future 
are  already  allocated, 
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The  Three  Hundred  and  Thirty-sixth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  25^  Great  George  Street,  Westminster, 
on  Thursday  evenings  November  23rd,  1899 — Professor 
Silvan  us  R  Thompson,  F.RS.,  President,  in  the  Chain 

The  minutes  of  the  Ordinarj^  General  Meeting  held  on 
November  16th,  1B99,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

Archibald  Allan  Crawford. 

Messrs.  C.  W,  S,  Crawley  and  E,  W-  Lancaster  were 
appointed  scrutineers  of  tlie  ballot  for  new  members. 

TTie  President;  The  Council  has  given  its  sanction  to 
the  holding  of  an  exhibition  of  photographs  in  the  library 
of  tlie  Institution,  from  the  5th  to  the  12th  of  September^ 
the  week  during  which  our  dinner  is  held.  The  photographs 
for  exhibition  are  those  taken  by  members  during  the  Swiss 
tour,  and  will  afford  reminiscences  of  that  very  agreeable 
time  when  we  were  together  ijt  Switzerland. 

I  have  also  to  announce  that  the  Council  has  decided  to 
hold  a  meeting  of  members  of  the  Institution  in  P*iris  on 
August  i6th^  1900,  You  are  all  probably  aware  that  at  the 
Paris  Exhibition  certain  conferences  or  congresses  will  be 
held.  Among  these  there  is  a  Congress  of  Electricians, 
which^  it  has  been  arranged,  will  be  in  session  from  the 
i8th  to  the  25th  of  August,  No  doubt  a  number  of  members 
uf  this  Institution  will  be  desirous  of  paying  their  visit  to 
Paris  at  that  time,  in  order  that  they  may  be  present  at  one 
or  more  sittings  of  the  Congress,  We  have  arranged  our 
meeting  for  the  i6th,  just  two  days  before,  so  that  we  may 
he  able  to  hold  a  discussion  before  the  Congress  itself 
meets.  We  hardly  know  yet  what  formal  business  will  be 
brought  before  the  Congress,   hut  we  hear  that  there  ate 
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certain  propositions  coming  up  about  the  electrical  units, 
and  it  is  well  that  we  should  have  an  opportunity,  if  any- 
thing is  to  be  discussed  internationally  at  the  Paris  Congress, 
of  holding  our  meeting  a  little  before,  and  arriving  at  our 
own  conclusions.  It  is  also  possible  that  one  sitting  of  our 
meeting  may  be  held  in  common  with  members  of  the 
American  Institute  of  Electrical  Engineers,  a  number  of 
whom,  it  is  known,  will  be  in  Paris  at  that  time.  Indeed, 
the  President  of  the  American  Institute  of  Electrical 
Engineers,  Mr.  Kennelly,  has  written  to  us  informally, 
asking  whether  such  a  joint  meeting  of  English  and 
American  electricians  would  be  possible ;  and  our  Council 
has  replied  that  we  shall  be  most  happy  if  such  a  joint 
meeting  can  be  arranged  as  part  of  our  meeting  there. 

The  following  papers  were  then  read  : — 

THE   COST   OF   STEAM    RAISING. 

By  John  Hollidav. 

In  the  earlier  days  of  the  steam-engine  it  was  customary 
to  measure  the  efficiency  of  steam  plant  by  the  amount  of 
work  done  by  a  given  weight  of  coal,  and  this  was  expressed 
by  giving  the  weight  of  coal  consumed  per  horse-power  per 
hour,  allowance  sometimes  being  made  for  the  quality  of 
the  coal  used.  At  that  time,  when  a  single  boiler  or  range 
of  boilers  supplied  steam  to  but  one,  or  at  most  a  pair  of 
engines,  and  the  boiler  was  laid  down  at  the  same  time  as, 
and  as  an  integral  portion  of,  a  new  steam-engine  plant,  and 
was,  more  often  than  not,  supplied  by  the  maker  of  the 
engine  as  part  of  his  contract,  this  method  of  estimating 
was  not  so  wholly  misleading  as  it  is  in  the  present  day, 
when  a  single  boiler  or  range  of  boilers  often  not  only 
supplies  a  large  main  engine,  but  many  auxiliary  or  inde- 
pendent ones,  and  also  serves  many  other  purposes.  The 
practice  has  therefore  arisen  of  expressing  the  efficiency  of 
an  engine  by  stating  the  quantity  of  steam  it  uses  per  horse- 
powder  per  hour,  thus  eliminating  entirely  all  questions  of 
the  quality  of  the  fuel,  the  efficiency  of  the  boiler  for  trans- 
mitting the  heat  of  that  fuel  to  the  water,  and  of  the  furnace 
and  stoker,  whether  human  or  mechanical,  in  evolving  from 
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the  fuel  all  the  heat  it  coninir.s.    ir:  ihi-  v.-j}  in-  :>ir"io-ii:a:rjt 
of   a   good   engine  i^   n-*:    znurrtz   :n-  ui.    Kium-.—vn:   iivrr 
obtained  from  the  hoiJe:-.  iro:!:  ary  •juu-^r  v.i;ai-j-jvtr.     W- 
have  therefore  on  record  iht  r^suiVr  -.>:  n:ar;.  t:zi!2::it  :-:ai-„ 
given  in  figure^  which  take  n:-  awC::»Li:i:  u;  lii^  ptr-i  rniariv^r 
uf  the  boiler  by  which  thr  s*tra:r.  :h'/v  u-ri.  v.a-   -n:^:Kitr:.. 
and    we   have  also  niAny  rt-Loruri    ir-:-    r    s'i*.a:i.    :^.»'.i-.-. 
determined  quite  apart  iron:  any  jursij-j:.    »:  p'-v.-lt  ::•■.•••.;::;.. 
the  employmenl  of  a  s:ea:r:-e-:::::it.     A:::a:T..  v/r  i;i:v-   t:::!:-"- 
instances  given  of   the  cor^t    x    sit:a:i-    :»'iv.tr,   :ti-.    :>tr   '•: 
which  are  summed  up  ry  Pr'j:rr=s'»:  '.'::v::   ::    vi:ur;-.-*  '..'..  '?' 
his  work  cm  the  Deveivpixit*:::  L-ni  Ti.':Hi::;-r^i''T  '.>:  r'  'v  *r  : 
but  in  all  these  case---.  :n  ordtr  ■:•  a-^:v<t  a:  :iit:  v'»s'.  •>:   ::it 
•*team  power,  it  ha^  r>eeri,  of  cou-st.  :ieLe=-^.iry  r   :: rj iua*_  lut 
wt.»rking  and  co^t  of  both  t::Z::it  ani  ••on'r-  :  i.ui.  y.v.ii^'  i. 
^team-engine  canroi  Tteri'.'rm   a:  y   i:>f::     v. -rr   v":i-.-:     :':■ - 
''^ociated   from  the   <ti.:ri   :.•'»  ie".  ".rj^   i»'xit"    -ja*..  l:*i:.     Tie- 
doe-,  perform  mar.y  u-«e:'u.  ::i:j ■-■:.■•*:-    ''.rie-  \::l.'    :*    ::.•.   :-  - 
duction  of  pow;rr  hy  ::je:i-:r  o:  a  -^ea::-^*:;:  -i-:.  ;.•;:    :'   =■  \. 
the  cr»>L  of  prod'jcirj;:  >tea:::.  '.yj.  *t  a: -a"".  ■-■.'••    Vi-.    .  .i-.- ■"..■  ■' 
f^i  power,  that   riTtcrjt:' -r.  >    ii-^w^v:.    '    ::..-  pu:»e'.     ^    ■.■•■ 
of  C(»al  mny  Cv'-^i.  -ay.  ^-.  wr^z'    uv  •■. r:-r:     '•    Viv    '»!;■■■    ^i: 
fioor,  and  wj  :nay.  ::i  a  ijv-^era!  v/i:v.  -Li'-i-uv    ^^vi.*:   :.-  ■'  •-*;: 
from   the   boiler  ;:^:o  thr   ^eL*::    -T^a-:-    a:    Vk    *m.-  .::uv.y--::. 
article  of  which  Th^  c  .:a:  >  ::'t   ::-:.i^*   vi::  -i.r  •*:':  ■■*.:;■  -iiv 
material   u-ed  :::  ihe  jr^iie-:-  ^r   rr^a'viav ■.:•-:  ;  :•;•:    .-Li::-'..'*. 
thirn  bcconiL--  what  :-  "Lhe  i-'ji-re^.^e:  vux:  '»■  *.':.:-  ''*    '»:  '. ';l- 
when  diriivrr-d  :r:  :hc  frrru  ^:    -:^:.::.    •  '-    ::•*:  s\eL::-    v.i.  •;-  ' 
Tile  Mthvr  item-  ^^h!Lh,  wjth  'J:rr  c.-s*  ■•"  ::;•;..  ;.■■ 
the    toTai    co-t    '  ■!    -Teairj    pro'^^iiro    a*-,    v. -.-j-  ■ 
:ii.ii!]Ten.;:i>.::  oi  boije-  a-jd  7  ;-•.*,  ;--.:>-:^.'  ■.-.ir;;-- 
Liixe^.  e:c.      In  a!n:i7-t  jj!  c::-^^',  "he  i'^-*  '  :  ■-■■;  : 


•rn.iit  v: 


:ijc  ::rc^:c 


■   -:-^'      I      T      1*1^-      V. 


llje  wri- 


ccnirc  '■:  :ne  Cfjai-ne^Cir.  ^''  -.;■::. t  -'riL"  e.;::a  y  ':/. '.'J'-ju 
-pi*:,  whjre  :t  is  pro:-:;r:e  :h\:  -j.v  ■::■*.  ■  ■'  :;■•.-  :..■,.  w:^  *'•. 
anvThiri:;  le--.  than  50  per  ce:,*.  <.•:  '.':.'.  '  ::/  '.'*<,  ':-\:e:-': .  *: 
bring  •:;  C'jur«*c  made  *;>:  *:.■■'-/  c^.-e-  •:  w:;:v:)  wa-'e 
:vi  atcr :  al -,  by-pr odu  c!  - ,  or  '  v !  j  -.'.- .  w  i  r  l  ;  ^  : : . :  ^  f .  *.  '  ■  ■  r  1  '.-"v^ .  sv 
h  a  vl-  t  •'»  bf  rem  o ved  at  -  o  n'j  e  e  Apt:!  -.-.- .  a-  ■_-  l:  -^v  'J  a  -  :  m  -.-i  -  ■  ■  •:' 
<e:tm  ra:?;i :;;;[.     Thl^  being  thf.-    cav.-.  TJje   c.--:   f.'i    luti   re- 

: ^ ■.  \V-  i : .1  m  C  j  r. 7.b .  T-it-  f'/.i\  Jri.  I-'.R  ^  'X  .';,;:•;.:::-.  O *  t .  5 :  &  L    .  ■ . 
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quired  to  convert  a  given  quantity  of  \\*ater  at  a  given 
temperature  into  steam  at  a  certain  pressure  gives  a  fairly 
relative  idea  of  the  cost  of  raising  steam  in  districts  where 
similar  conditions  and  prices  of  fuels  obtain.  Mr.  Bryan 
Donkin,  M.Inst.C.E.,  has  largely  used,  as  a  basis  of  com- 
parison, the  cost  of  fuel  required  to  ex-aporate  i,ooo  gallons, 
the  water  being  at  a  temperature  of  60®  F.,  and  the  steam 
evaporated  at  60  lbs.  per  square  inch  above  atmospheric 
pressure,  or  else  the  temperature  of  the  water  is  taken  at 
212°  F.  and  evaporation  at  atmospheric  pressure,  or,  in 
other  words,  evaporation  is  from  and  at  2i2<>  F. ;  in  any 
case  a  reduction  to  a  common  basis  is  easy  when  the 
conditions  are  known. 

The  following  formula  gives  a  ready  means  of  obtaining 
the  cost  of  fuel  to  evaporate  1,000  gallons  of  water  when 
its  price  and  the  quantity  of  water  evaporated  by  one  pound 
of  it  are  known. 

Let  C  =  cost  of  evaporating  1,000  gallons  in  shillings. 

„    P  =  price  of  fuel  per  ton  in  shillings. 

„  \V  =  lbs.  of  water  evaporated  per  lb.  of  fuel. 

,p,       ^       P       10,000 
Then  C  =,,r  x   - 

W         2,240 

P 
t=—  X    4-464 

This  is  a  useful  figure,  especially  for  comparison  of  boilers 
working  in  the  same  district,  where  the  prices  of  \^rious 
descriptions  of  coals  may  be  taken  to  vary  with  the  amount 
of  heat  that  they  will  evolve,  because  it  takes  into  account 
the  efficiency  of  the  boiler  and  furnace  and  also  that  of  the 
stoker,  whether  human  or  mechanical ;  but,  at  the  same  time, 
the  limits  within  which  comparisons  may  be  made  on  this 
basis  are  narrow,  as  it  always  shows  a  very  great  advantage 
in  favour  of  the  use  of  poor  quality  and  low-price  fuels, 
which  mi;4ht  be  almost  or  entirely  counterbalanced  by  the 
consequent  increased  cost  of  other  items  which  go  fo  make 
up  the  entire  cost  of  steam-raising.  There  will,  however, 
be  less  likelihood  of  giving  rise  to  misapprehensions  if  it 
be  always  borne  in  mind  that  this  figure  gives,  not  the  cost 
of  evaporating  1,000  gallons,  but  only  the  cost  of  the  fuel 
required  to  evaporate  1,000  gallons  of  water. 
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Mr,  Br^*an  Donkin  has  publisiicd  figures  from  some 
iteslsbecarneci  out  with  different  kinds  oi  fuel  in  tht'  ^ame 
^Ms;  Uie  conditionji   in  all   cases   being   the  same;   the 

results  are  comparable  on  the   basis  of   the   co^t  of  fuel 

vtqiiml  to  cr^paratc  i^cx>o  gallons* 


Water  eva|,x>- 


€661  i>l  flld 


A       E>ttst  Coke... 

B       Dsst  Wclsli  Coal.. 


%.  d, 

5  o 

lO  o 

22  O 


lbs. 

6     o 

S    o 
9    o 


Cmi  of  FiicI  fmt  i.oqo 


s.    d. 

3    8 

5    3 

lO    II 


Tbc^  figures  go  far  to  show  the  economy  to  be  obtairted 

:  interior  fuel*;,  which,  as  a  rule,  are  far  cheaper  on 

of  calorific  power  than  higher- class  fuels*     No 

betler  example  of  this  could  be  given  than  the  compariiion 

experiments  B  and  C  in  the  table  given  above,  where  we 

a  difference  of  120  per  cent*  in  the  price  of  the  fuel 

an  increa'ied  efficiency  of   but  ia*5  per  cent,  at  an 

in  cost  of  108  per  cent.     Should  it  be  possible  in 

pridice  to  transfer  the  total,  or  any  fixed  and  definite  portion 

•f  the  loial,  heat  of  a  fuel  to  the  water  contained  in  the 

c^n  in  the  furnace  of  which  the  fuel  is  burned,  the  true 

•Jnr  of  that  fuel  for  the  purpose  of  steam-raising  would 

iepeml  directly  on  its  calorific  power,  and   it   would   be 

HMsible,  the  price  of  the  fuel  and  its  calorific  value  being 

nouTi,  to  forelell  tlie  amount  of  useful  heat  that  would  be 

<*cartd  by  the  comhustton  of  one  pennyworth  of  the  fuel 

I  question. 

A  bible  showing  the  number  of  thermal  units  in  one 

nyworth  of  fuel  of  various  qualities  and  prices  was  given 

Mr.  R-  E*  B,  Crompton^  Past- President,  in  his  paper 

the  cost  of  Electrical  Energy*  read  before  this  Institu- 

April,  1894,  which  is,  by  permission,  reproduced  tn 

Some  figures  from  this  table  will  he  found  set  out 

L     Tliese,  like  the  preceding  table,  show  the 

advantage  promised  by  the  use  of  low  quality 

Ikur-priced  fuels,  but,  as  there  never  was  a  gain  without 

*  This  Jmiftjal,  t^,  voL  xxili.,  p.  404A, 
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some  loss,  we  may  briefly  inquire  what  the  possible  losses 
and  disadvantages  of  cheap  fuels  are — and  they  are  many- 

In  the  first  place,  in  order  to  get  the  same  amount  of 
heat  with  a  low  quality  fuel  as  with  a  higher  quality  under 
similar  conditions,  more  fuel  must  be  burned  in  the  same 
time ;  then,  if  the  boilers  and  furnaces  are  already  working 
up  to  their  full  power  with  high-class  fuel,  either  more 
boilers  and  furnaces  must  be  put  down,  or  the  present 
furnacef?  must  be  enlarged,  entailing  an  expenditure  of 
capital  (the  interest  on  which  must  be  set  against  the  extra 
economy  obtained)  and  occupying  more  room  at  an  addi- 
tional cost  for  rent  ;  or  else  the  fires  must  be  worked 
harder,  perhaps  by  the  use  of  forced-draught  probably 
causing  the  furnace  gases  to  leave  at  a  higher  temperature^ 
and  thus  carry  to  wa^^te  a  larger  proportion  of  the  heat  in 
the  fuel  than  formerly*  The  mere  fact  of  more  fuel  having 
to  be  fired  into  the  furjiaces  every  hour  will  entail  more 
work  on  the  stoker,  for  which  extra  wages  will  have  to  be 
paid  either  to  the  same  or  to  additional  men.  The  extra 
amount  of  fuel  used  will  cause  the  fire  doors  to  be  opened, 
in  the  case  of  hand-fired  furnaces,  more  frequently  or  for 
longer  periods  both  for  firing  and  for  cleaning  fires,  %vhilst 
the  extra  amount  of  refuse  taken  from  the  furnaces  will 
carry  to  waste  a  correspondingly  larger  amount  of  heat, 
and,  what  is  of  more  importance,  wilt  often  cost  a  great  deal 
more  in  removal,  particularly  in  busy  manufacturing  centres. 
Extra  storage  and  space  for  fuel  may  have  to  be  provided, 
and  the  wear  and  tear  of  the  furnaces  increased  according 
to  the  extra  amount  of  fuel  used,  rather  than  according  to 
the  amount  of  steani  produced*  Low  quality  fuels  too,  as  a 
rule,  require  a  stronger  dmught  to  burn  them  to  the  best 
advantage  than  better  qualities ;  this  may  necessitate  an 
expenditure  for  more  chimney  power  in  tlie  case  of  natural 
draught,  and  larger  fans  and  engines,  of  course  using  more 
steam  to  drive  them  in  the  case  of  forced  draughts.  In 
substituting  inferior  for  better-class  fuels  we  may  expect  a 
reduction  in  the  cost  of  the  fuel,  depending  on  the  differ- 
ences in  the  ratio  of  calorific  vahie  to  price  of  the  two  fuels, 
and  an  increase  in  working  expenses,  etc,  depending  on  the 
increased  amount  of  fuel  used. 

It  may  not  be  out  of  place  to  give  here  a  word  of  warn-] 
ng  to  those  who  are  invited  by  the  uianufacturers  of  special , 
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furnaces  to  enter  into  contracts  with  them^  in  virtue  of 
which  the  manufacturer  of  the  patent  furnace  shall  takt%  as 
his  remuneration  for  fixing  the  furnace,  free  of  charge  or  at 
cost  pricCf  a  definite  proporiion  of  the  ascertained  saving  in 
the  fuel  bill  from  the  time  the  new  appliance  was  put  in,  as 
compared  with  a  previous  period  ;  such  an  arrangement 
may  seem  ver>'  fair  and  reasonable,  but  if  the  reduction  of 
the  fuel  bills  be  accomplished  by  the  use  of  inferior  fuel, 
there  must  inevitably  be  increased  incidental  expenses  the 
whole  burden  of  which  will  fall  on  the  steam-user,  and 
from  which  the  furnace  manufacturer  will  be  entirely  free. 
Still  more  to  be  deprecated  is  any  arrangement  based  on  a 
comparison  of  the  amount  and  cost  of  fuel  consumed  on 
two  trials,  one  made  before  the  introduction  of  the  special 
appliance  and  the  other  after  it ;  for,  in  addition  to  other 
disadvantages  to  the  steam-user,  it  is  reasonable  to  assume 
that  the  furnace  manufacturer  will  take  pains  to  secure 
those  conditious  under  which  his  furnace  works  best, 
whiJst  a  furnace  about  to  be  discarded  is  scarcely  likely  to 
be  either  in  the  best  possible  order  or  worked  to  the  best 
advantage ;  indeed  it  is  safe  to  say  that  the  vaunted 
superiority  of  many  a  special  appliance  over  the  ordinary 
furnace,  whatever  that  may  be,  is  attributable  mainly,  if 
not  solely,  to  the  better  conditions  obtained  for  it  and  the 
greater  skill  with  which  it  was  worked,  and,  with  a  reversal 
of  these  conditions,  the  result  might  have  been  reversed  also. 
It  sometimes  happens  that  a  single  range  of  boilers 
has  to  supply  steam  to  a  number  of  more  or  less  different 
and  independent  plants,  each  of  which  has  to  bear  its 
share  of  the  expense  of  producing  the  steam  it  uses,  so 
that  it  becomes  necessary  to  determine  the  total  cost  of 
the  steam  produced  and  to  divide  that  sum  amongst  the 
different  plants  as  nearly  as  possible  according  to  their 
respective  consumptions.  This  has  been  the  case  with  a 
range  of  boilers  in  which  the  author  has  been  directly 
interested  for  the  last  six  years ;  failing  to  find  any  records 
of  determinations  of  the  proportion  which  the  fuel  bill  bore 
to  the  total  cost  of  the  steam  delivered  into  the  steam  niain^ 
he  has  collected  the  data  on  which  the  following  statements 
of  costs  have  been  made  out. 

The  plant  consists  of   nine  Lancashire   boilers   in  the 
maJn  boiler-bouse  and  four  spare  boilers  in  another  house, 
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oor-r.ti'trd  :o  the  same  system  or  steam  mains,  but  the  latter 
u=:.*-i  or/.y  ai  spare  to  the  nine  boilers  in  the  larger  house. 
T;«e  risiie  Lancashire  boilers  are  ot  various  makes  and  ages, 
r.vr.*:  ->:  then;  being  modern,  and  \-ary  in  size  from  6  feet 
<>  :r.*:h*ri  to  7  feet  in  diameter,  and  from  28  to  30  feet  in 
I^r.;;!h.  They  are  arranged  in  two  groups,  Nos.  i,  2,  and  3 
r»t:ri^  rired  with  Perret's  water-cased  grates  for  burning 
:r.f-rry/r  f'-els,  and  deliver  their  products  of  combustion 
:r/o  a  sej/arate  main  flue  and  chimney  from  the  other  six. 
Th-L'  i-itter  are  fitted  with  ordinar\-  bars  and  are  hand  fired, 
M^-^ir;  •,  haiarice^l  drK>rs  being  used  in  the  twelve  furnaces  of 
\h*:\*z  '-'.X  h<j;Iers.  Ail  the  boilers  are  loaded  to  60  lbs.  pressure 
X'fr  v\'r<irt  inch,  ar.d  feed-water  is  delivered  to  the  Lanca- 
-,h:re  boilers  from  a  common  feed  main  through  three  steam 
he^iKr-,  which  are  -supplied  with  exhaust  steam  of  up  to  12  lbs. 
j/rr  rotiare  inch  above  the  atmospheric  pressure,  and  heat  the 
i'r':d-v.-ater  to  an  average  of  22o<>  V.  after  it  passes  the  feed 
p:jmp  on  its  way  to  the  boilers.  The  demand  for  steam  is 
fairly  constant  during  the  twenty-four  hours  (see  Diagram 
No.  Il.y,  s^j  that  it  is  not  necessary  to  bank  up  any  of  the 
hres  or  let  down  any  of  the  boilers  during  any  portion  of 
the  day  or  week  except  between  6  o'clock  a.m.  and  9  o'clock 
p.m.  on  Sundays,  when  two  boilers  only  are  kept  under  vtvy 
easy  steam. 

In  working  these  boilers,  it  has  all  along  been  recognised 
that  steam  was  produced  much  more  cheaply  by  the  forced 
draught  than  by  the  natural  draught  furnaces,  consequently 
the  former  were  always  worked  up  to  their  full  power,  and, 
as  the  minimum  demand  for  steam  almost  always  exceeded, 
except  on  Sundays,  the  amount  the  forced  draught  furnaces, 
by  themselves,  were  capable  of  producing,  they  were  seldom 
even  damped  down,  and  therefore  worked  under  conditions 
extraordinarily  favcnirable  to  economy;  whilst  the  natural 
draught  furnaces,  having  to  make  up  the  difference  between 
the  demand  for  steam  and  that  produced  by  the  forced 
draught  furnaces,  being  fitted  for  that  purpose  with  an  auto- 
matic clamper,  were  constantly  varying  between  partial  and 
full  load,  so  that  losses  by  unconsumed  gases  and  radiation 
were  abnormally  great.  This  fact  must  be  kept  in  mind, 
and  allowed  for,  in  comparing  the  results  obtained  in  the 
two  systems,  and  it  will  be  seen  from  Fig.  3  that  the  six 
boilers  Gtted  mth  natural  draught  furnaces  gave  much  better 
ncffo/te  when  doing  the  largest  amounl  ol  wotVl. 
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During  seven  months  of  the  year  seven  boilers  working 
logclher  are  able  ta  supply  the  demand  for  steam,  but  during 
the  later  ^mmer  and  autumn  months  the  requirement  is 
much  greater  and  nine  boilers  have  to  be  worked  heavily, 
and  someliraes  even  some  of  the  spare  boilers,  A%hich  fact 
jiisttfies  the  existence  of  the  four  reserve  boilers  which  might 
otherwise  constitute  an  extravagantly  large  spare  plant. 

The  fuel  generally  used  for  the  boilers  with  Perret  fur- 
naces is  breeze^  which  i^  delivered  in  front  of  the  boilers  at 
the  price  of  3s.  6d,  per  ton.  This  fuel  contains  a  large  pro- 
portion of  incombustible  material  (from  22  to  25  per  cent,); 
the  umount  burnt  is  about  15  tons  in  24  hours,  or  1,400  lbs, 
.  r  hour,  or  18  lbs.  per  hour  per  square  foot  of  grate  surface, 
Uic  total  area  of  the  six  furnaces  being  78  ^^qirnre  feet ;  they 
cvajx>rate  from  5'5  to  6  lbs*  of  water  per  lb.  of  fuel ;  taking 
this  at  5"8,  the  cost  of  fuel  to  evaporate  1,000  gallons  is,  by 
the  foraiola  given  above— 

^  ""  w  ^  4-464 

3'5  . 

=  -g  X    4-464 

=  2*69  shillings  ^  2s.  8^6, 

Tlie  quantity  of  water  evaporated  is  about  2,700  lbs.  per 
hour  per  boiler,  equivalent  to  135  h.p.  at  20  lbs.  of  steam 
per  horse-power  per  hour,  a  low  result  which  eventually  makes 

>elf  felt  as  one  of  the  drawbacks  to  the  use  of  inferior  fuels. 
'i.^ing  a  plentiful  supply  of  this  breeze,  it  has  been 
y  used  during  the  period  of  these  observations  for 
these  three  boilers,  some  large  coke  being  occasionally  used 
with  it ;  other  fuels  w*ere  tried  at  various  times  in  other  years, 
but  none  were  found  able  to  compete  with  it.  The  air 
pressure  tised  for  the  Perret  furnaces  averaged  about  vi 
mch  of  w*ater  column  as  measured  under  the  fire  bars,  and 
H*as  produced  by  a  36-inch   fan  driven  by  a  belt  from  a 

pectal  engine,  the  steam  for  which  v\*as  taken  from  the 
boiler,  and  its  amount  is  included  m  the  figures  given 
aboi'e,  but  due  allowance  is  made  in  the  proper  place,  both 
tor  the  cost  of  the  steam  used  and  the  interest  on  the  capital 
sunk  in  the  fan  engine  and  other  special  appliances. 

For  the  other  six  boilers  various  fuels  have  been  used  al 
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different  times  at  prices  varying  with  the  state  of  the  fuel 
market ;  in  1895,  however^  most  of  the  work  was  done  with  a 
South  Wales  coal,  consisting  of  about  30  per  cent,  targe,  the 
rest  fine,  which  was  delivered  at  the  boiler  at  14s.  6d.  per 
ton  ;  this  foel  contained  about  10  per  cent,  of  incombustiblei 
and  under  the  existing  conditions  evaporated  about  9'5  lbs, 
of  water  per  lb.  of  fuel.  Taking  the  cost  of  evaporating 
i|000  gallons  of  water  with  this  fuel,  as  was  done  above  for 
the  breeze,  we  have 


C  =  ^  X  4-464 
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=  6*8i  ^  6s,  9}d,, 


which  is  in  remarkable  contrast  to  the  2S*  8|-d,  found  to  be 
the  cost  of  the  breeze  to  do  the  same  work.  In  these  boilers 
evaporation  is  at  the  rate  of  about  3,800  lbs,  of  w^ter  per 
hour  per  boiler,  equiv^alent  to  190  h.p*  at  20  lbs.  of  steam 
per  horse-power  per  hour^  or  40  per  cent,  more  power  per 
boiler  than  in  the  case  of  the  boilers  fired  with  breeze*' 

We  have,  therefore,  two  ranges  of  boilers,  one  using  a 
cheap  fuel  and  producing  steam  at  a  cost  for  fuel  of  is.  H|d. 
per  1,000  gallons  evaporated  at  a  rate  equi\*alent  to  135  horse- 
power per  boiler^  and  the  other  producing  steam  at  a  cost  for 
ftiel  of  65.  9fd.  per  1,000  gallons  evaporated  at  a  rate  equi\^* 
lent  to  190  horse-power  per  boiler. 

We  have  now  to  consider  the  other  items  already  men- 
tioned, which  go  to  make  up  the  full  cost  of  steam  raising. 
The  most  important  of  these  is  working  expenses,  and  in  this 
labour  is  the  heaviest.  Under  normal  conditions  seven 
boilers  are  under  steam,  viz*  :  Nos,  i,  2^  and  3  fired  with 
breeze,  and  four  of  the  other  six  fired  with  Welsh  coal.  M 
the  boilers  are  w^orked  continuously  the  firemen  are  divided 
into  three  shifts,  of  which  the  two  day  shifts  work  three 
spells  of  three  hours  each  between  6  o'clock  ami,  and  10 
p.m*,  and  the  night  shift  one  spell  of  eight  hours ;  thus  for 
tw^o  hours  in  the  day  both  sets  of  the  day  men  are  in  the 
house  together,  and  in  this  time  some  of  the  necessary 
cleaning,  etc-,  is  done*  There  are  generally  three  men  per! 
shiitf  ihefiva  leading  men  taking  three  and  four  boilers  each  ! 
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and  the  third  man  assisting  each  of  thera  as  required.  Taking 
the  amount  burned  in  24  hours  as  15  tons  of  breeze  and  18 
tons  of  the  Welsh  coal,  the  total  amount  fired  per  day  is  33 
tons  by  the  nine  men,  or  an  average  of  ybj  tons  per  man 
per  day,  not  an  excessive  quantity  when  compared  with  the 
new  Board  of  Trade  rule  for  ships  which  allows  one  stoker 
for  every 4I  tons  burned  per  day;  but  the  low  quality  of  the 
fuel  used  on  the  Perret  furnaces  adds  greatly  to  tlie  labour 
of  firing  them,  each  of  the  six  having  to  be  cleaned  out  once 
in  three  hours  or  oftener.  The  firemen  are  paid  at  an 
average  rate  of  23s.  per  w^eek,  those  working  at  nighfc  getting 
a  shilling  extra  whilst  doing  so ;  they  are  under  the  charge 
of  a  foreman,  who,  however,  has  other  duties  to  perform,  so 
that  a  portion  only  of  his  time  is  charged  against  the  boilers. 
A  charge  at  the  rate  of  ;t~i5o  per  annum  is  also  made  for  the 
time  which  the  engineer  in  charge  devotes  to  this  portion  of 
his  work.  A  boy  is  also  employed  for  a  portion  of  the  day 
in  the  boiler-house  in  sweeping  the  tops  of  the  boilers,  etc. 
The  expense  of  weighing  the  coal,  and  any  incidentals  con* 
nected  witli  its  receipt  over  and  above  the  price  paid  for  it 
per  ton  delivered,  are  included  in  the  working  expenses ;  these 
being  the  same  per  ton  for  all  qualities  of  fuels  constitute  a 
heavier  expense  per  i^ooo  gallons  of  water  evaporated  by 
the  inferior  as  compared  with  the  better-class  fuels. 

During  fifteen  hours,  between  6  o'clock  a*m.  and  9  o'clock 
pan,  on  Sundays^  which  constitute  the  only  light  portion  of 
the  week's  work,  two  boilers  are  kept  under  easy  steam,  the 
fires  in  the  other  being  cleaned  quite  out  in  the  morning  and 
started  again  at  night*  The  firing  during  Sunday  is  done  by 
three  men  working,  two  of  them  five  hours  and  one  six 
hours,  for  which  they  are  allowed  time  and  a-half ;  whilst  a 
second  fireman  works  two  or  three  hours  in  the  evening  as 
required  in  order  to  re-start  the  boilers  that  have  been  at  rest 
during  the  day. 

Flue-sweeping  and  boiler-cleaning  is  the  item  next  in  j 
importance.      The  boilers  using  the  inferior  fuel  are  very  ] 
thoroughly  cleaned  out  at  the  end  of  each  eleven  or  twelve  I 
weeks'  run,  during  %vhich  time  they  have  generally  steamed  | 
from  1,600  to  1^700  hours  each,  and  hav^e  deposited  in  their 
flues  a  very  large  amount  of  dust  which,  but  for  the  forced 
draughty  would  require  to  be  removed  much  more  frequently; 
as  it  isj  there  is  certainly  a  falling  oft  m  ftv^  ^mQwcvl  ^i  ^'ater 
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evaporated  both  per  boiler  per  hour  and  per  lb.  of  fuel  burned^ 
but  not  to  such  an  extent  as  would  justify  the  shutting  down 
and  cleaning  of  these  three  boilers  five  times  a  year  instead 
of  fnor  as  at  present.  This  cleaning  is  performed  not  by  the 
firemen^  but  by  some  of  the  general  labourers  attached  to  the 
concern  ;  two  men  are  able  timroughly  to  sweep  and  clean 
one  boiler  in  four  days,  and  in  addition  to  their  regular 
wages  they  are  paid  a  gratuity  of  twelve  shillings  per  boiler. 
In  addition  to  the  actual  cleaning  and  removal  of  dust  some 
expense  is  incurred  in  taking  out  lire  bars,  disconnecting  air 
pipes,  cleaning  bars,  etc*,  all  of  which  are  carefully  over- 
hauled at  each  periodic  cleaning. 

The  natural  draught  boilers,  fired  with  better-class  coal, 
run  for  about  the  same  length  of  time  between  cleanings  as 
the  forced  draught  ones,  but  as  there  are  generally  two  of 
these  idle,  each  boiler  is  cleaned  only  from  three  to  four 
tim^^  a  year  ;  two  men  can  finish  one  of  these  boilers  in  two 
days,  and  in  addition  to  their  wages  of  5|d.  per  hour  they 
earn  between  them  the  gratuity  of  twelve  shillings  for  the 
job.  Each  cleaner  is  provided  with  a  suit  of  overalls,  which 
seldom  serves  for  more  than  four  boilers  at  the  most.  The 
expenses  of  cleaning  out  one  of  the  natural  draught  boilers 
is  far  less  than  that  of  one  of  the  forced  draught  boilers  fired 
with  inferior  fuel. 

The  removal  of  refuse,  viz.,  clinkers  and  ashes  taken 
from  tfie  furnaces  in  the  ordinary  way  of  firing,  and  the 
dust  removed  from  the  flues  during  sooting  out,  amounts  to 
a  considerable  sum  during  the  year  ;  the  bulk  of  it  is  removed 
from  the  premises  by  a  contractor  at  a  fixed  rate  per  load, 
but  since  an  intermediate  handling  is  necessary,  the  removal 
of  an  average  week's  refuse  from  the  forced  draught  boilers 
during  work  costs  about  ^2,  and  the  amount  removed  from 
Ihe  flues  at  each  cleaning  about  lis.  6d.  per  boiler  ;  whilst 
that  from  the  natural  draught  boilers  is  removed  for  i6s,  6d. 
per  week  whilst  in  full  work,  and  4s,  6d,  per  boiler  cleaned. 

The  feed  heaters  using  exhaust  steam  are  common  to  both 
groups  of  boilersj  and  the  cost  of  cleaning  them  is  taken 
according  to  the  quantity  of  w^ater  evaporated  in  each  group. 
The  water  used  is  taken  from  the  town  main,  througli  meters, 
the  cost  being  fourpence  per  thousand  gallons  ;  and  as  it  is 
very  pure,  there  is  no  €Xpvnse  incurred  m  treating  it  exctipl 
for  t}ie  addition  of  a  small  quantity  of  Soda-ash  wViich  IS 
r  to  prevent  corrosion. 
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The  cost  of  illumination  is  divided  amongst  the  boilers 

according  to  the  number  of  boiler  hours  worked  ;  gas  and 
electric  light  are  both  used— the  annual  cost  is  about  £^0. 
In  the  same  way  also  the  cost  of  the  steam  used  to  drive  the 
boiler  feed  pumps  h  divided  according  to  the  quantity 
pumped,  but  in  the  case  of  the  forced  draught  boiler  a 
further  charge  has  to  be  made  for  the  steam  used  by  the  fan 
engine  in  producing  the  forced  draught.  The  quantity  of 
fuel  to  be  charged  against  feeding  the  boilers  is,  hovvev^er, 
very  small,  as  a  very  large  portion  of  the  heat  in  the 
exhaust  steam  is  recovered  by  passing  the  exhaust  into  the 
low  pressure  or  exhaust  main  by  which  the  feed- water  is 
heated.  Some  experiments  have  shown  that  by  utilising  the 
exhaust  steam  from  the  feed  pumps  to  heat  the  feed- 
water  an  economy  of  i;}-  per  cent,  in  fuel  can  be  realised. 
There  are  two  quadruple  acting  steam  feed  pumps,  each 
capable  of  delivering  one  gallon  per  revolution,  which 
also  act  as  water-meters  ;  for  this  purpose  they  are  fitted 
with  counters  which  are  read  daily,  whilst  the  pumps 
are  calibnited  periodically  against  a  tank  of  known  capa- 
city to  ensure  correctness  in  the  results  ;  it  is  generally 
found  that  they  deliver  about  5  per  cent,  less  than  their  full 
charge.  A  certain  quantity  of  stores  is  of  course  used, 
sucli  as  shovels,  firing- tools,  barrows,  soap,  oil,  waste, 
which  in  the  course  of  a  year  amount  to  an  appreciable 


sum. 


The  maintenance  charges  are  somewhat  more  diflicult  to 
set  out  precisely  for  any  given  period  than  are  the  working 
expenses,  as  these  vary  from  time  to  time,  and  a  year  is  quite 
too  short  a  period  to  ensure  every  item  being  fairly  treated  ; 
some  parts  will  come  out  too  high  or  too  low  as  repairs  of 
any  considerable  extent  happen  to  fall  within  or  without  the 
period  under  consideration.  The  figures  given  are  those 
ascertained  for  the  year  1895,  and  include  somewhat  heavy  I 
repairs  to  the  pumps,  and  heavy  items  for  renewals  of  non- 
conducting coverings  of  tops  of  boilers  and  steam  mains ; 
but  in  order  to  avoid  errors  the  tcosts  have  been  compared 
with  tliose  of  previous  years,  and  though  the  details  differ, 
the  totals  agree  very  closely.  The  figures  for  maintenance 
are  considerably  less  than  they  w^ere  expected  to  be  when 
the  investigalion  was  taken  up,  but  as  the  work  was  mostly 
jdgne  by  Urn  Company's  own  workmen,  only  charges  for 
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abour  and  material  are  included  ;  had  the  work  been  done 
jy  an  outside  firm,  the  figures  must  have  been  much  higher 
md  the  average  cosst  of  inainte nance  would  prol^ably  liave 
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been  5  per  cent,  of  tlie  total^  instead  of  less  than  3  per  cent* 
IS  they  stand  in  Table  IV* 

The  fixed  charge!^  include  the  insurance  of  the  boilers 
fcinst  explosions  :it^2  12s.  6d.  per  boiler  per  annum,  and 
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it  i-.  worthy  of  remark  what  a  vcr}- small  proportion  the  cost 
of  this  excellent  safeguard  bears  to  the  total  cost  of  the 
steam  made. 

In  calculating  the  interest  on  the  first  cost  of  the  plant 
and  buildings,  it  was  found  impossible  to  ascertain  the 
actual  original  figures,  so  a  careful  estimate  was  prepared 
on  the  basis  of  present  prices,  on  which  the  interest  has 
been  taken  at  5  per  cent,  per  annum. 

Depreciation  of  boilers  and  machinery  has  been  taken  at 
5  per  cent,  per  annum,  and  of  buildings,  including  chimneys, 
at  2^  per  cent. ;  ground  rent,  rates  and  taxes  having  been 
approximated  to  local  conditions  as  far  as  possible,  and 
superintendences  in  proportion  to  the  amount  of  the  steam 
made. 

The  question  of  spare  plant  is  one  of  extreme  difficulty, 
and  practice  varies  with  almost  ever\'  different  case.  In  some 
instances,  where  an  occasional  stoppage  is  permissible,  the 
amount  of  spare  required  may  be  nil  ;  again,  in  cases  where 
the  boilers  are  worked  by  day  only  a  small  spare  is  allow- 
able, because  the  interval  between  two  days'  work  admits  of 
minor  repairs  being  carried  out  or  temporary  expedients 
resorted  to.  Where  sufficient  spare  must  be  always  avail- 
able and  the  demand  for  steam  small,  then  the  spare  plant 
must  be  fully  equal  to  that  in  ordinary  use  ;  in  other  cases 
where  the  amount  of  steam  made  requires  the  use  of  several 
boilers,  there  is  a  point  at  which  it  is  no  longer  necessary  to 
maintain  a  full  spare  plant.  In  the  case  under  notice  it  has 
been  found  that  a  spare  plant  of  one  boiler  to  every  three  in 
work  is  sufficient  for  all  emergencies.  This,  of  course,  is  based 
on  the  maximum  and  not  on  the  average  output  of  steam, 
consequently  the  spare  plant  has  been  comparatively  verj' 
little  used,  hut,  as  it  exists,  it  has  had  to  be  kept  in  order, 
and  it  is  a  recognised  fact  that  a  boiler  idle  may  deteriorate  as 
fast  as  one  in  work ;  it  has  been  kept  in  complete  working 
order,  and  worked  occasionally.  Of  course  the  cost  of  steam 
produced  by  these  independent  boilers  is  much  greater  in 
almost  every  way,  than  that  made  in  the  main  boiler-house, 
as  the  statement  in  Table  V.  will  show.  The  extra 
expenses  of  making  this  steam  over  and  above  those  of 
that  made  in  each  of  the  two  groups  in  the  main  boiler- 
house  have,  in  order  to  determine  the  full  cost  of  the  steam 
made  in  each,  to  be  added  to  the  ascertained  expenses  of 
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those  groups.  It  is,  in  the  first  place,  difficult  to  decide 
[what  share  of  the  expenses  of  the  spare  plant  should  be 
[debited  to  each  group* of  boilers  in  the  main  house,  but, 
[sinc^  the  forced  draught  boilers  were  always  worked  when 
[possible  to  their  full  fuel  capacity,  and  had  no  self-contained 

ipare  as  had  the  natural  draught  boilers,  it  has  been  con- 
Isidered  right,  in  spite  of  their  much  smaller  output  of  steam, 
to  charge  half  of  the  extra  cost  of  the  spare  to  thein^  and 

the  other  half  to  the  natural  draught  boilers* 

The  figures  charged  in  Table  V<  as  share  of  spare  against 

the   forced   and  natural  draught  boilers  respectively  have 

I  been  determined  thus  :  the  quantity  of  water  evaporated 
by  the  spare  boilers  is  1,563,000  gallons,  at  a  cost  of 
^55*  5"8d,  per  1,000  gallons;  the  difference  in  the  cost  of 
evaporating  one-half  of  this,  viz,,  781,500  gallons  at 
J 5s,  5*8d»,  and  the  same  quantity  at  7s.  33d.,  the  cost 
of  the  steam  made  in  the  forced  draught  boilers,  amounts 
to  X332  14s*  I  id,  or  ir*62d*  per  1,000  gallons  on  the  quan- 
tity evaporated  in  the  forced  draught  boilers.  Similarly 
the  difference  in  the  cost  of  evaporating  781,500  gallons  at 
15s.  5'8d.  and  the  same  quantity^  at  provisionally  9s.  2*y^d, 
amounts  to  £24^  4s.  6d*,  or  4*4d.  per  1,000  gallons  on  the 
quanlity  evaporated  in  the  natural  draught  boilers.  Even 
if  this  distribution  of  the  extra  cost  of  the  steam  made  by 
the  spare  boilers  be  heavier  than  it  should  be  on  the  forced 
draught  boilers,  the  figures  will,  all  the  same,  show  that  a  too 
large  spare  plant  may  prove  an  expensive  luxurj%  quite  apart 
^^from  the  fact  that,  unless  kept  in  good  working  order  and 
^^tried  from  time  to  time,  it  may  fail  in  more  ways  than 
one  when  most  required, 

The  Author  regrets  that  circumstances  h;t\'e  compelled 
him  to  confine  his  observations  to  a  type  of  boilers  not  so 

I  universal  as  was  the  case  a  few  years  ago,  and  which  work 
at  a  pressure  much  below  that  now  commonly  used,  but  he 
\-entures  to  hope  that  the  figures  may  be  of  some  use  as  a 
Jbasit^  of  comparison,  and  may  perhaps  elicit  a  more  com- 
plete return  from  a  thoroughly  up-to-date  plant. 
In  conclusion  the  Author  would  express  his  thanks  to  the 
of&cials  of  the  Company  who  have  allowed  him  to  use  the 
figures,  but  who  have  expressed  the  wish  that  their  names 
[should  not  be  made  public. 
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TABLE 
TABLK  SHOWING  NUMBER  OK  BRITISH  THERMAL  TNITS  IN 


Price  of  Fuel  in 

Shillittf^s 

IJ.  Th. 
Units  per 
lb.  oi  Fuel. 

5/- 

6/- 

7/- 

8- 

9;- 

10/- 

11;- 

12- 

lOOOO 

373300 

311000 

266666 

^3^333 

207407 

186666 

1^)9600 

155555 

I02O0 

380800 

317200 

272C00 

238000 

211600 

190400 

173100 

158600 

10400 

388300 

323400 

277300 

242700 

215700 

194100 

176500 

161700 

10600 

395800 

329700 

282700 

247300 

219850 

197()00 

179<)00 

164900 

10800 

403300 

335900 

288000 

252000 

224000 

201700 

183300 

167900 

IIOOO 

410800 

342100 

293300 

256700 

228100 

205400 

18^)700 

171100 

II200 

418200 

348300 

298700 

261300 

232300 

209100 

190100 

174200 

U4OO  1  425700 

354600 

304000 

266000 

236400 

212900 

193500 

177300 

II60O 

433200 

360800 

309300 

270700 

240600 

21OCKK} 

196800 

180400 

II80O 

440600 

367000 

314700 

275300 

244600 

220300 

200200 

183500 

12000 

448100 

373200 

320000 

280000 

248800 

224000 

203600 

186600 

12200 

455^»o 

379400 

325300 

284700 

252900 

227800 

207000 

189700 

12400 

463000 

385700 

330700 

289300 

257100 

231500 

210400 

192800 

I2rxX) 

470500 

39i(;oo 

336000 

294000 

261200 

235200 

213800 

195900 

12800 

478000 

398100 

341300 

298700 

265400 

23c;ooo 

217200 

utqooo 

13000 

485400 

404300 

346700 

303300 

26<;5oo 

242700 

220600 

202100 

13200 

492900 

410600 

352000 

308000 

273700 

246400 

224000 

205300 

13400 

500400 

416800 

357300 

312700 

277800 

250200 

227400 

208400 

13600 

507800 

423000 

362700 

317300 

282000 

253<;oo 

230800 

211500 

13800 

515300 

429200 

368000 

322000 

286100 

257600 

234200 

214600 

14000 

522800 

435400 

373300 

326700 

299300 

261400 

237600 

217700 

14200 

441700 

378700 

331300 

294400 

265100 

241000 

220800 

14400 

... 

... 

384000 

336000 

298()00 

268800 

244400 

223900 

14600 

... 

... 

... 

340700 

302700 

272500 

247800 

227000 

14800 

... 

306900 

276200 

251200 

230100 

15000 

... 

... 

... 

2S0000 

254500 

233200 

15200 

... 

... 

... 

... 

... 

257(>oo 

236300 

15400 

... 

... 

... 

... 

239400 

15600 

... 

... 

... 

... 

... 

... 

... 

... 

i5»oo 

... 

... 

... 

... 

... 

•.• 

16000 

... 

... 

... 

... 

... 

Reprinted,  by  permission,  from  Mr.  Crompton's  paper  on 
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1         t*  - 

IS' 

Ift/^ 

IT/- 

18/- 

f 

\  m- 

ni- 

«/- 

22;^ 

mis.! 

> 

.. 

... 

... 

«.» 

■  *» 

... 

ptst       IjhOOO 

ix*/» 

.*. 

»>■ 

... 

•.. 

... 

... 

pp  '  tjacioo 

t^^4<K> 

111300 

.,• 

... 

*i* 

„. 

«4i 

... 

HiJoo 

JSi^po 

133700 

116500 

... 

... 

»«• 

.,- 

... 

f  44^X1 

»^44«> 

126000 

tiJt6oo 

112000 

... 

... 

... 

... 

i^^r^.i. 

I3f»9» 

128300 

130500 

n4£o<> 

loHooo 

*», 

... 

... 

uw«> 

tWOO 

130700 

113000 

n6aoo 

noooo 

104500 

... 

... 

14^000 

t4H;0O 

133000 

115^00 

118200 

M2000 

106400 

101300 

... 

I  -^^jo& 

144400 

I35,W 

117300 

120500 

IMOOO 

108300 

103100 

9B400 

'        157300 

M69OO 

137700 

llc/joo 

TaJ500 

116000 

110200 

104900 

lOOiOO 

ifioooa 

MW» 

140000 

151^00 

U4400 

iiSooo 

U20O0 

106700 

to  J  800 

i4jAm» 

iSi'JOO 

141300 

133900 

126500 

120000 

113*W 

io»40o 

1035CK5 

-          '  -"^oo 

iMloo 

»447oo 

136200 

r2>i5QO 

11I70Q 

115^00 

t 10200 

105200 

p*.        li^QiXiO 

iSf^too 

147000 

ns^oo 

150600 

[23600 

117600 

112000 

lo6i)0O 

t^gaoo 

tmy>o 

140S00 

T31700 

1^5700 

119500 

115800 

108500 

r^     i735<» 

l&f)«0O 

1517a) 

142S00 

134700 

127500 

111400 

115600 

I I 0300 

'      iT^Doa 

i^MJoo 

154000 

U5000 

I5fi8o0 

120500 

123200 

117300 

IllOOO 

iT^ttoo 

i66m3o 

iS&Soo 

I4710O 

lJ«QOO 

131750 

125100 

IIQIOO 

115700 

,.  J-         f^^l^no 

i'-r;oo 

158700 

14^00 

141000 

133500 

127000 

110900 

115700 

1  S4.OOO 

trtsoo 

161000 

151500 

143100 

135750 

128800 

122700 

117100 

t«66oo 

i;43oo 

165500 

<S37oo 

145100 

137500 

130700 

124400 

MK800 

i;'^ijwo 

176800 

165700 

156000 

147200 

130500 

13250Q 

126200 

110500 

•  •          ru-frJOO 

17^/^00 

i6ftooo 

158100 

I4<a5oo 

141500 

134400 

iiSooo 

122200 

,.^      n^fSott 

fHiTOo 

tTOjoo 

l^tojoo 

151400 

143500 

136500 

121)700 

125900 

-* 

ri4^oo 

171700 

161500 

153400 

145500 

158100 

131500 

USfioo 

-  • 

lifiToo 

173000 

164700 

155500 

147200 

T40000 

153300 

127300 

*-.Ti«i 

f«9»X> 

177300 

t6f)900 

157600 

I4Q100 

141900 

135100 

UQOOO 

.-  ►  ■.  VV* 

111 700 

17C1700 

l6i}IOQ 

i3t|6oo 

I5IOOO 

143700 

13<^Q00 

150700 

;   *vi_»: 

t'MJOO 

iS.'OOO 

(7tJoo 

161700 

153000 

145600 

158600 

131400 

jfotao 

I07OO 

laijoo 

173500 

163900 

155000 

147500 

^04oo 

134100 

' 

tiwoo 

186700 

175700 

165K00 

157000 

149300 

143200 

135800 

>«/  t^§  EJti:th€*at  Kner^ ;  ccc  Ihit  |oiirn^T«  iSg4«  %'ot,  xxUt.,  p.  404A. 
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Vm]  OK  COST  OP  ELECTRICAL  ENERGY.  OS 

hire,  withtn  an  average  radius  of  fifty  miles  for  about  5s.  4d, 
per  ion.  At  the  present  time,  owing  to  exceptional  demand, 
the  present  price  is  one  shilling  per  ton  higher  than  this,  but 
I  am  informed  tliat  this  higher  price  is  not  likely  to  be 
maintained,  and  that  it  would  he  fair  to  base  my  calculations 
on  the  assumption  that  a  large  supply  of  this  coal  would 
W  available  at  the  above  price, 

Whibt  on  this  subject  I  must  point  out  that  railway  rates 
and  wagon  hire  are  the  same  for  inferior  as  for  the  best 
quality  of  fuels^  so  that  this  inferior  fuel  cannot  be  delivered 
lu  distant  parts  of  the  United  Kingdom,  such  as  in  the 
case  of  our  own  works  at  Chelmsford,  under  14s,,  and  it 
appears  probable  that  it  will  rarely  pay  us  to  deal  with  these 
cheap  fuels  at  an  average  radius  much  in  excess  of  fifty  miles 
from  the  colliery*- 

Where  a  system  of  canal  transport  is  available,  as  in  the 
Birmingham  district,  these  conditions  will  of  course  be 
modified  on  account  of  the  much  lower  rate  for  carriage 
and  barge  hire*  P>om  inquiries  1  have  made*  it  is  probable 
thai  the  Cannock  Chase  class  of  slack  may  be  delivered 
within  an  average  radius  of  fifty  miles  from  the  colliery  at 
about  5s,  6d, 

There  are  three  distinct  classes  of  cheap  fuels  available  for 
generating  electrical  energy.  The  first  are  those  in  which 
the  calorific  value  is  chiefly  in  the  contained  carbon.  These 
include  the  anthracite  and  small  Welsh  coals^  and  the  refuse 
coke  fuels  dealt  with  by  Mr*  Holliday.  The  difficulties  in 
burning  these  fuels  are  not  great.  They  are  cheap  because 
they  are  friable,  easily  broken  up  by  carriage  into  powder^ 
and  thus  there  is  always  loss  in  transit ;  such  powdered  fuel 
i?>  liable  to  fall  through  the  bars  or  be  carried  forwaixl  in  the 
form  of  dust  into  the  flues  and  chimney*  All  easily  pulver- 
ised fuel  is  also  likely  to  have  additional  earthy  matter  mixed 
with  it,  as  whenever  a  heap  of  it  is  shovelled  over,  the  earthy 
bottom  gets  mi^ed  with  it,  and  thus  its  liability  to  form 
clinker  is  increased. 

The  second  class  of  cheap  fuel  is  the  free-burning  small 
ci>al8  of  the  Midland  districts.  In  this  class  I  include  all  the 
small  and  earthy  coals  which  are  only  slightly  bituminous 
and  which  therefore  have  slight  tendency  to  cake* 

The  third  class  is  the  sm^U  and  dirty  or  earthy  cakm^ 
or  hituminam  coals  of  tlie  North,    These  last  are  the  mos\ 
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difficult  to  deal  with,  but  as  they  posi^ess  high  calorific 
value  the  problem  of  dealing  with  them  successfully  is 
the  most  interesting  of  all. 

The  tirst  group  of  fuels  have  been  burned,  with  con- 
siderable success,  by  several  forms  of  furnaces  in  addition  to 
those  described  by  Mr,  HoUiday,  In  this  class  it  is  all- 
important  to  reduce  as  far  as  possible  the  loss  of  unhurnt 
fuel  by  its  falling  through  the  fire  bars  or  being  carried  for- 
ward into  the  flues  in  an  unconsumed  condition.  So  far 
probably  the  best  method  of  dealing  with  the  clinker  from 
this  class  is  the  provision  of  large  water  ash  pans,  the  steam 
rising  from  which  appears  to  have  the  effect  of  preventing 
the  clinker  from  clinging  to  the  bars,  A  great  portion  of  it 
separates  as  it  forms  into  small  drops  of  melted  matter  and 
falls  through  the  bars  into  the  water  instead  of  forming  large 
cakes  which  hinder  the  air-admission. 

Up  to  the  present  the  attempts  to  deal  satisfactorily  with 
the  second  and  third  classes  of  fuels  have  been  chiefly  con- 
nected with  the  use  of  automatic  appliances  for  distributing 
the  fuel  over  the  bars,  breaking  up  and  getting  rid  of  the 
clinker,  and  providing  sufficient  admixture  of  air  at  various 
points  in  the  furnace  to  insure  satisfactory  combustion  of 
the  gases.  These  last  difficulties  are  at  their  greatest  where 
a  great  portion  of  the  calorific  value  of  the  fuel  lies  in  its 
volatilisable  products, 

I  think  that  most  of  us  who  have  had  experience  in  the 
use  of  automatic  stokers  will  agree  with  me  that  although  in 
some  cases  where  a  large  range  of  boilers  has  been  auto- 
matically fired,  economies  in  labour  have  undoubtedly 
fol loured,  yet  the  cost  of  clinkering  the  grates  and  afterwards 
removing  the  clinkur  from  the  boiler-room  and  the  cost  of 
maintenance  of  the  grates  and  furnaces  has  been  so  con- 
siderable,  and  these  difficulties  and  costs  increase  so  rapidly 
with  the  amount  of  ash  present  in  the  fuel,  that  in  most 
cases  even  with  these  automatic  stokers  it  has  been  advisable 
not  to  use  the  very  cheapest  class. 

With  the  third,  or  highly  bituminous  class,  coking  stokers 
have  been  used  with  more  or  less  success.  Most  of  these 
operate  on  the  principle  of  spreading  the  coal  on  the  front 
end  of  the  grate,  allowing  it  sufficient  time  to  form  itself 
into  coke,  and  then  by  means  of  moving  bars  to  break  up  and 
move  this  coke  forward  over  the  bavs  up  to  the  point  where 
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*ian  and  radiation  is  required-    Tliiy  method 
-rj',  but  [(  has  not  worked  out  well  in  prac- 


F^  X-^Fftmi  View  of  Bibcock  &  Wlkox  Revolving  Gr,itt*, 

t>cc.    The  in^  ■  its  do  not  move  llic  caked   material 

*wward  with  it  regularity,  so  that  ope  ninths  occur  in 

the  fire,  and  thus  excess  of  air  is  allowed  to  dilute  the  gaseous 
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heated  products  of  combustion,  and  their  temperature  is 
thereby  reduced.  Clinker  is  seldom  automatically  got  rid 
of,  and  in  most  cases  a  considerable  amount  of  hand 
labour  has  to  be  expended  on  its  loosening  and  removal. 

P>om  the  above  remarks  it  will  be  seen  that  one  great 
difficulty  in  burrting  cheap  fuels  at  a  small  cost  for  labour 
and  maintenance  is  that  of  getting  rid  of  the  clinker.  What 
we  require  is  that  the  fuel  should  be  tipped  from  the  railway 
trucks  or  barges  into  conveyers  and  thence  distributed  to  the 
furnaces  without  being  touched  by  the  firemen,  and  that 
after  passing  through  the  furnace  the  clinker  and  ashes 
should  also  be  automatically  taken  away  from  the  back  of  the 
furnaces  and  delivered  into  a  railway  truck  without  any  hand 
labour  being  necessary. 

There  are  two  distinct  methods  of  dealing  wnth  the  cheap 
fuels  which  contain  much  volatili sable  matter*  The  firi?t  iii 
that  described  very  fully  in  a  paper  read  on  the  i6th  of 
March,  1897,  by  Mr.  Humphrey  (vide  Mtn.  Proc.  I  mi.  C,E., 
vol.  cxxix.  p.  igo)  before  tlie  Institution  of  Civil  Engineers 
on  the  Mond  Gas  Producer.  With  this  system  the  fuel 
is  gasified  in  separate  gas  producers  and  the  gas  then  burnt 
under  boilers  or  used  in  gas  engines.  I  do  not  propose 
to  deal  with  this  system,  although  it  may  well  be  a  most 
satisfactory  way  of  utilising  cheap  fuels,  as  it  has  been  most 
thoroughly  described  by  Mn  H,  A.  Humphrey  in  his  paper. 
He  showed  that  by  this  method  90  lbs.  of  sulphate  of 
ammonia,  which  represents  about  70  per  cent,  of  the  total 
nitrogen  in  the  fuel,  may  be  recovered  from  it,  and  that  the  gas 
from  each  ton  of  coal  is  then  capable,  under  ordinary  boilers, 
of  evaporating  not  less  than  seven  tons  of  water.  The  repairs 
and  up-keep  of  the  system  appear  to  he  satisfactorily  low. 

I  propose  for  the  prest;nt  to  conhne  myself  to  sug- 
gestions as  to  the  form  of  furnace  which  may  be  attached 
direct  to  the  boilers  to  burn  these  inferior  fuels  so  as  to 
evaporate  the  water  at  the  least  cost. 

Mr,  Holliday  has  called  our  attention  to  the  fact  that  in 
considering  such  furnaces  and  the  boilers  best  suited  to  them, 
the  use  of  cheap  fuel  has  undoubtedly  up  to  the  present 
necessitated  tlie  use  of  larger  furnaces  and  larger  boiler  plant, 
so  that  there  has  been  considerable  increase  in  the  capital  1 
cost  and  hence  in  tJie  maintenance  charges  which  are  a  per- J 
ccn  Li^e  of  that  cost^  and  this  of  course  increases  the  real  cost  J 
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per  1,000  g^itlans  of  water  evaporated.     I   think,  however, 

-at   in   the  clsc   of  externally  fired   boilers  at   any  rate, 

.•m^gptBcnls  may  be  suggested  by  which  the  grate-aren  only 

need  he  increased »  the  sue  of  the  boiler  remaining  Ihe  same 

lor  the  best  fuel ;  for  if  we  so  arrange  our  grate  that  those 

^^^•onfi  ol  it  in  which  the  preliminary  work  of  igniting  and 

ts»  the  fuel  is  pcrfornied  are  at  a  coniparalively  low  tem- 


Fiu  3,— Frofit  View  of  Baboock  ^  Wilcox  Rirvotving  Grate. 


jT  tt  !'  ,  III  -.  pnrtronof  the  grate  or  furnace  may  be  exterior 
ti  i  c  ixiicr,  and  it  fotlov^^  that  the  part  of  the  furnace  in 
ihich  advanced  conibu?*tion  isau'ried  on  would  be  no  larger 
than  would  be  the  case  if  w^e  w*ere  burning  the  very  be5»t 
Welsh  coal ;  but  it  h  only  fair  to  say  that  in  the  case  ot 
havaninoii»  fuels  where  it  is  necessary  to  prevent  newly 
(oriDcd  V  roducts  from  coming  into  contact  with 

4c  cold  .  ace&  considerable  addJUonal  space  will 
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have  to  be  provided  exterior  to  the  bojler  itself,  as  it  is 
evident  that  in  this  case  in  order  to  produce  perfect  com- 
bustion of  these  products  some  form  of  combustion  chamber 
which  contains  a  large  surface  of  highly  incandescent 
niaterial  must  be  provided.  Again,  however  carefully  we 
may  provide  for  the  disposal  of  the  clinker,  portionsi  of  it  are 
certain  to  ad  1 1  ere  to  the  bars  and  lining  of  the  furnace  or 
combustion  chambers^  and  in  order  that  tliesc  parts  may  be 
made  easily  accessible  for  cleaning,  the  whole  furnace  ought 
to  be  easily  removable  from  the  boiler — in  other  words,  il 
should  be  built  on  a  frame  mounted  on  wheels  running  on 
rails. 

Probably  the  simplest  and  most  efficient  method  that  has 
yet  been  contrived  of  continuously  firing  a  large  grate  with 
cheap  fuel  is  by  the  old  Juckes  revolving  grate  which  has 
been  in  use  for  upwards  of  thirty  years,  ajid  wherever  it  has 
been  properly  installed  ;uid  well  mounted  has  given  satisfac* 
tory  results.  I  remember  seeing  one  of  these  grates  in  use 
in  Messrs.  Fowler's  works  at  Leeds  in  1871 — that  is  to  say, 
twenty-eight  years  ago — and  I  am  told  that  the  performance 
has  been  so  continuously  satisfactory  that  Messrs,  Prowler 
are  still  using  this  form  of  grate. 

It  appears  probable  that  all  the  conditions  I  have  above 
noticed  could  be  satisfactorily  filled  up  by  a  revolving  grate 
mounted  on  a  movable  frame  running  on  rails.  In  these 
days  of  electric  motors  there  is  no  difficulty  in  providing 
power  for  working  this  grate.  It  can  easily  be  con- 
structed to  deliver  the  clinker  and  ashes  continuously  into  a 
transverse  channel  at  the  back  end  of  the  grate,  whence 
it  could  be  removed  by  a  conveyer  to  suitable  trucks, 
Immediately  above  that  part  of  the  grate  on  winch  the  fuel 
IS  ignited  1  propose  to  provide  a  combustion  chamber  in 
the  form  of  a  long  bridge  made  of  a  special  quality  of  fire- 
brick. I  have  found  by  experiment  that  a  good  way  of 
arranging  this  apparatus  is  in  the  form  of  an  extended  fire- 
brick arch,  each  arch-shaped  brick  having  a  fin-like  pro- 
jection hanging  down  from  its  lower  surface  into  the  path 
of  the  gases.  1  have  already  used  this  form  of  combustion 
chamber  for  Lancashire  boilers  at  our  works  at  Chelmsford 
unth  satisfactory  results.  The  extended  surface  of  fire- 
l^rick  acts  extremely  well  as  a  reservoir  of  heat  even  under 
the  difficult  circumstances  of  firing  a  Lancashire  boiler  the 
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fire  door  of  which  must  be  frequently  opened,  but  it  is 
evident  that  this  form  of  bridge  will  work  much  more 
efficiently  in  an  automatically,  and  hence  continuously  fired, 
boiler  where  no  necessity  exists  for  so  often  opening  the 
door  and  hence  admitting  cold  air.  As  I  have  pointed  out 
above,  for  burning  the  first  group  of  cheap  fuels  this  regene- 
rative apparatus  may  be  dispensed  with.  It  is  somewhat . 
more  necessary  in  the  case  of  the  second  group,  but  it  is 
absolutely  necessary  in  the  case  of  the  bituminous  smoky 
fuels  of  the  third  group. 

Up  to  the  present  the  weak  point  of  smoke-consuming 
apparatus  has  been  that  it  has  generally  stopped  short  at 
supplying  additional  air  so  as  to  obtain  more  perfect 
combustion  of  the  fuel,  and  although  this  has  resulted 
in  a  larger  proportion  of  the  CO  being  converted  into 
CO2,  yet  as  this  has  been  effected  by  passing  a  con- 
siderable excess  of  air  through  the  furnace,  the  heated 
products  have  been  so  diluted  and  cooled  that  not  only 
is  the  output  of  the  boiler  diminished,  but  also  its  effi- 
ciency greatly  reduced.  The  only  satisfactory  method  of 
dealing  with  the  question  is  to  provide  the  combustion 
chamber  I  have  above  described.  I  need  hardly  remind  those 
who  are  accustomed  to  boiler  tests  that  the  efficiency  of  a 
boiler  is  largely  proportionate  to  the  proportion  of  COa 
present  in  the  gases  as  they  leave  the  furnace.  On  tests  we 
always  try  to  get  this  proportion  as  high  as  possible.  In 
my  experiments  at  Chelmsford,  I  have  been  able  when  my 
combustion  chambers  were  worked  successfully,  and  w^hen 
using  highly  bituminous  fuel,  to  bring  the  proportion  of 
CO2  up  to  II  per  cent.,  which  is  sufficient  proof  that  a  very 
small  excess  of  air  was  passing,  and  that  the  products  were 
consequently  undiluted. 

How  important  it  is  that  the  excess  of  air  should  be  kept 
down  is  shown  by  the  following  table. 
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In  coltimn  i  I  give  the  figures  of  an  often-quoted  test 

made  with  a  water-tube  boiler  using  the  best  Webb  coal, 

hjind-fired-     In  this  case  only  about  123  per  cent,  of  the 

heat  \v^s  carried  off  with  the  products  of  combustion  and 

excess  air.    Owing  probably  to  considers bte  radiation  losses 

the  efficiency  of  the  boiler  in  this  case  was  not  extremely 

high,  being  under  73  per  cent.     In  column  2   I  give  the 

results  of  a  test  made  at  Glasgow  with  a  water-tube  boiler, 

call  having  a  culorific  value  of  12^000  B.T.Um  being  fired  by 

automatic  stoking  apparatus.     From  the  tnefticient  working 

yf  this  apparatus  tt  was  found  difficult  to   keep  the  bars 

properly  and  evenly  covered,  so  that  what  otherwise  would 

have  been  an  extremely  good  result  was  spoilt,  as  the  heat 

losses  due  to  heat  carried  off  w  ith  the  products  of  com- 

btastion  and  by  excess  air  were  over  25  per  cent.,  so  that  the 

botiil  efl5ciency  therefore  worked  out  at  only  68  per  cent. 

In  colunin  3  I  give  the  results  that  ought  to  have  been 

obtained  at  this  test  with  automatic  stoking  of  this  class  of 

fuel  if  this  excess  of  air  had  been  properly  controlled. 

Since  1  commenced  the  preparation  of  this  paper  I  have 
learnt  that  the  Babcock  &  Wilcox  Co.,  who  have  already 
lone  so  much  to  reduce  the  cost  of  steam  raising,  have 
ictually  perfected  and  brought  into  practical  use  a  form  of 
which  combines  a  considerable  number  of  tlie 
'^ents  that  I  have  laid  dow^n  in  this  paper  us  neces- 
-wiry  for  the  satisfactory  and  economical  burning  of  cheap 
I'ueb.    It>  fhi'  Batcock  &   Wilcox  new  revolving  fitale, 
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iiiustrite:!  hy  F:^-.  r.  2.  3.  and  4.  it  will  be  seen  that  they 
provide  a  rr.od-rr.  rrv.:  I'.-in?  grate  which  performs  the  duties 
of  fetrdingrhefae!  on  to  the  fror.:  of  the  grate  and  delivering 
the  A-h^-s  ar.'I  ciir.ker  at  the  back  o:  the  grate  in  a  most 
^i:i-f.iCtory  manner.  The  whole  grate  :<  mounted  on  a 
removable  frame  running  on  rails  s*?  that  it  can  be  removed 
from  the  furnace  and  ready  access  given  to  the  parts  for 
erc.iTiir.ation.  renewal,  or  repair.  The  ditficult\*  of  getting  rid 
of  the  clinker  and  a-he<  at  the  back  of  the  grate  without 
admitting  air  at  this  point  was  a  matter  in  which  the  old 
Jiickes  grate  wn>  defective.  This  is  got  over  by  means  of  a 
\'try  heaw  crLSt-iron  flap  which  rests  on  the  revolving  bars 
at  their  back  end  The  bars  have  to  move  forward  under 
this  flap,  and  as  it  has  a  >harp  edge  the  clinker  and  ashes  are 
removed  from  the  bars,  slide  over  its  inclined  surface,  and  are 
di-Iivered  into  an  air-tight  receptacle  at  the  back  whence  they 
can  be  removed  by  a  conveyer  or  other  convenient  means. 
Ft  i-j  probable  that  this  revoUnng  furnace  is  a  great  step  in 
arivance,  and  probably  the  only  addition  that  is  required 
to  perfect  it  is  the  addition  of  the  combustion  chamber 
which  I  have  de-cribed  and  which  is  illustrated  in  Fig.  5. 

In  order  U)  >hr>w  the  proportion  the  cost  of  fuel  bears 
['}  tin;  tf)tal  cost  of  generating  energ\- in  a  modern  power 
statK>n  of  moderate  size  I  have  extracted  figures  from  the 
log  book  of  the  power  station  of  our  new  Chelmsford 
works,  from  which  1  have  prepared  the  accompanying  table, 
which  shows  that  under  the  actual  conditions  of  working 
the  plant  during  the  last  fort>'-nine  weeks,  and  at  an  average 
price  of  17s.  5d.  per  ton  of  coal  (which  was  Nottinghamshire 
^tcam  hard  of  the  best  quality),  the  cost  of  the  fuel  was  64 
prr  cent,  of  the  total  cost  of  cjjd.  per  B.O.T.  unit 
flelivcrcfl  to  the  tools.  This  plant  is  of  moderate  size ; 
including  spares,  its  maximum  rate  of  output  at  present  is 
about  250  kwts.  It  is  not  easy  to  give  the  average  rate  at 
which  it  is  worked,  but  it  is  probable  that  this  is  at  the  rate 
of  about  120  kwts.  during  54  hours  per  week  and  50  kwts 
during  the  night  shift  during  62  hours  per  week.  If  the 
plant  had  been  worked  at  the  higher  rate  throughout  the 
night  as  well  as  the  day  shift,  the  output  would  have  been 
increased  from  368,000  B.O.T.  units  to  680,000  B.O.T. 
unita^  and  the  cost  prices  would  have  been  modified  as 
'«  the  second  column,  thai  \s  lo  s^n  \iv^l  the  cost 
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TCKT  inxk  since  tbc  reading  of  the  paper  of  «i  Babcock  &  Wilcost 
waleMiibc  boikr  ftitcd  wilh  the  revolving  grate  descrihcd  in  the  paper. 

Hc&tiog  utrfaoc ...     Sq*  (t.  1H27 

Gfitc  fitffacc  ij'  &'  long  x  5'  o",wide)  chain- 
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1'2I«         

of  latiimtcd  st  earn 
e  of  nupcr  h  eatcd  steatn 

iMSli  ..«  *«.  ...  .**  ... 

aler  anporated  p^  ^.  it  heatlffg  surface 

per  bottr  ...        ...        ...        -.        ...      Lhs.  2-47 

'Mtr  einponited  per   lb.    of  cosd,  nctual 
conditions  (feed  water  50'*  Fahr.^  $tcam 

166^5  lbs,) ...       t.  675 

filcaai  *         *..         ..,  VerywcL 

Ciimporatcd  per  th.  of  coal,  :ussuiiitng 
Iscd  wjter  M  313"  and   ctndcr  atmo* 
*plicric:  pressure.     Factor,  1118        ...        .^  B"ig7 

'aim  rTjpc»r.vted  pvr  lb.   of   combtistibte, 
actu^  coiidiboiis  ^feetl  tt-aler  50"  Falir., 
itesiiii  pres%urt5  t66'2S  Ibjt.)     ...        ...       „  731 

vrt-aiporated  per  lb.  of  combustible, 
ai:^«isiii»)2lerd  Waaler  50  Fahr.  and  ?.teain 
pn  '-.     Factor  I'll 8    <*•        m  S'90 

Teinprnii  i»oot4„,        Deg.  70 

Teopcrur  c*       ... I,  524 

F<Ttt3:  ui  ht%oivrMer,.*        ...     Incbc*  0'i84 

s.%\  theoretical  cvsiporatlon  from 

-tr         ...         ...     Per  lb,  1153 

r.-*  r  utili^^  in  boiler       ...        ...    Her  cent,  73-34 

KfeQcavA  uciii  utilised  m  ^uperlteatrr         ...  1,  3'ti 

rati]  cftcirttcy * .,  74'55 


Ratio 
Kind 

Time 

i;52'4 

Booclyke  Singles 
6  hours. 

Lbs. 

if>6i!5 

l>cg. 

50 

Lbs. 

4032 
3^^  5 

*P 

3713-5 

*i 

193 

II 

27150 

*■ 

4555 

tr 

Dcg. 

551145 
373 

453 
8u 
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of  coal  would  then  have  been  about  76  per  cent,  of  the 
total  cost,  which  would  stand  at  o-63d.  per  unit.  If,  how- 
ever, this  plant  were  put  to  work  within  the  radius  of  50 
miles  from  collieries  where  cheap  coal  at  5s.  4d.  per  ton 
could  be  supplied  and  the  furnaces  of  the  boilers  modified 
to  suit  this  fuel  in  the  manner  I  have  indicated,  the 
figures  in  the  3rd  column  would  be  obtained  at  the  rate  of 
output  in  column  i  ;  and  those  in  the  4th  column  at  the 
rate  of  output  in  column  2,  and  it  must  be  observed 
that  in  these  two  columns  I  have  not  reduced  the  cost  of 
labour  to  the  extent  that  might  fairly  be  claimed  by  the 
saving  in  stokers'  wages. 

It  is  needless  for  me  to  point  out  to  you  that  increasing 
the  size  of  this  plant  would  largely  reduce  the  labour  charge, 
so  that  it  is  probable  that  (exclusive  of  interest  and  depre- 
ciation) the  total  cost  price  of  one  farthing  per  unit  would 
be  reached  in  many  cases,  providing  that  the  coal  obtainable 
at  5s.  4d.  per  ton  is  burnt  in  a  satisfactory'  manner.  The 
fact  that  such  figures  are  now  easily  within  reach  ought  to 
be  a  powerful  stimulus  to  the  investment  of  capital  in  power 
distribution  works. 

TABLE  SHOWING  THE  PROPORTION  WHICH  THE  COST 
OF  FUEL  BEARS  TO  THE  TOTAL  COST  IN  CHELMS- 
FORD  NEW   WORKS   POWER  STATION. 


(2» 


(3) 


U) 


Calculated 
Actual  ci>st      cost  if  full 
per  B.O.T.       uijjht  shift 
unit  at  output    be  worked. 
«)f  368,000  iliNinj* 

unit.s  in  49    '>8o,ooo  units 
I        weeks.  in  same 

I  periixi. 


Cost  as  in  j   Cost  as  in  • 

col.  I  if  coal  I  col.  2  if  coal 

5s.  4d.  per  I  at  5s.  4d.  per  > 

ton  were  \    ton  were 

available,  i   available. 

'  I 


Coal  at  17s.  5d.  per  ton  j 
(iclivercd  at  boilers    ... 

Stores        ; 

Labour,  superintendence,  \  i 
two  complete  shifts,  in-  f  | 
eluding  Hue  and  boiler  ^ 
cleaning       3, 

Repairs     


d. 
0-488 
00293 

0*236 

o-oi6 


0*480 
o*oi6 


i1. 
0*15 
00293 


ti. 

0*148 
0*016 


0*127         0236      I    0*127 

I 
0*009        ooi()  0*009 


Total 

Coal  to  total  cost   ... 


I  0*769       0*632   !  0*431 


64% 


76  %  I  35  % 


0*300 
49% 


18Q0.] 
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ADDENDUM. 


Test  made  since  the  reading  of  the  paper  of  a  Babcock  &  Wilcox 
water-tube  boiler  fitted  with  the  revolving  grate  described  in  the  paper. 


Heating  surface 

Grate  surface  (7'  o"  long  X  5'  o".wide)  chain- 
grate  stoker        

Ratio  of  heating  surface  to  grate  surface     ... 

Kind  of  fuel  used  

Duration  of  test 

Average    observed   gauge    pressure    (atmo- 
spheric pressure  14*7) 

Average  temperature  of  water  fed  by  boiler, 

by  feed  pump     

Pounds  of  fuel  fired  (dry)       

Pounds  of  fuel  fired  j)er  hour 

Pounds  of  refuse  

Pounds  of  combustible  

Coal  consumed  per  sq.  ft.  of  grate  per  hour 
Total  water  evaporated  (actual  conditions) 
Water  evaporated  per  hour      „  „ 

Water  evaporated  per  hour  from  and  at  212" 

factor  i*2i8        

Temperature  of  saturated  steam        

Temperature  of  superheated  steam 

Superheat  

Water  evaporated  per  sq.  ft.  heatirfg  surface 

per  hour 

Water  evaporated  per  lb.  of  coal,  actual 
conditions  (feed  water  50"^  Fahr.,  steam 

pressure  166*25  lbs.)      

Condition  of  coal  

Water  evaporated  per  lb.  of  coal,  assuming 
feed  water  at  212**  and   under  atmo- 
spheric pressure.     Factor,  i'2i8 
Water  evaporated  per  lb.   of    combustible, 
actual  conditions  (feed  water  50°  Fahr., 

steam  pressure  166*25  ^^^0      

Water  evaporated  per  lb.  of  combustible, 
assuming  feed  water  50'  Fahr.  and  steam 
pressure  166*25  lbs.     Factor  1*218     ... 

Temperature  of  boiler  rooms 

Temperature  of  flue  gases       

Force  of  draught  in  inches  of  water 

Calorific  value,  theoretical  ex'aporation  from 

and  at  212"  

Efficiency  heat  utilised  in  boiler        

Efficiency  heat  utilised  in  superheater 
T(Aai  eScfency 


Sq.ft. 


1827 


35 


Ratio 

I  :52-4 

Kind 

Boodyke  Singles 

Time 

6  hours. 

Lbs. 

166*25 

Deg. 

50 

Lbs. 

4032 

»> 

672 

M 

318-5 

>» 

3713-5 

•f 

19*2 

M 

27150 

" 

4525 

»» 

5511-45 

DcK. 

373 

,, 

453 

,, 

80 

Lbs. 


2*47 


673 
Very  wet. 


8*197 


7-31 


Deg. 
Inches 

890 
70 

524 
0*184 

Per  lb. 
Per  cent. 

ft 

"•33 

72-34 

2*21 

»f 

74'5S 

76 
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Volatile  matter 


r  Gas  tar, 
-!  Sulphur 
(Water.. 


Analysis  of  Coal. 
Proximate  A  tialysis. 
&c.   ... 


r  Fixed  carbon . 
Coke   <  Sulphur 
(Ash      ... 


Specific  fjravity , 

Weight  of  one  cubic  foot  in  lbs 

Heating  power,  practical  (lbs.  of  water  at  212°  Fahr.  evaporated 
by  I  lb.  coal),  by  Playf air's  formula 


Per  cent. 

33-48 

•55 

4678 

12*75 

4520 

•61 
7-41 

53'22 

1 0000 

... 

.     130 



.  81-25 

Ultimate  Analysis, 


Carbon     . 

Hydrogen 

Oxygen 

Nitrogen 

Sulphur 

Ash 

Water 


6*90 


6343 
403 
970 

1-52 
I  16 

741 
"75 


lOO'OO 

Heating  pow-er,  theoretical  (lbs.  of  water  at  212"  Fahr.  evaporated 

by  I  lb.  coal)      ii'33 

Heating  power  of  dried  coal  by  Thompson's  calorimeter  ...     12*87 

(Signed)  Tatlock  &  Thomson. 

TEST  ON  No.  4  BOILER.    November  17,  1899. 
Analysis  of  Flue  Gases  by  Orsat's  Apparatus. 

The  average  of  numerous  tests  on  the  above-mentioned  apparatus  at 
an  average  draught  of  0-184  inches  have  given  : — 


and 


1235  per  cent. 

7*25 

015 
^•25 


CO2 

O 
CO 

N 


If  ordinary  air  is  taken  to  contain  206  per  cent,  oxygen,  the  excess 
of  air  will  be  50  per  cent,  over  the  theoretical  quantity  required. 

By  calculation  on  above  data  and  the  temperature  of  the  flue  gases 
compared  with  the  temperature  of  boiler-house,  a  loss  of  1375*66 
B.T.U.  —  12*5  per  cent,  is  shown.  The  calorific  value  of  the  fuel  used 
has  been  found  to  be,  by  application  of  chemical  analysis  made  by 
"    R  Tatlock  &   Thomson  in  Glasgow  to  Dulong's  formula  equal 
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Heat  Balanc€. 

Heut  oied  (or  ev^poriition  of  water    "J^H'A    B,T.V.      jr^i  per  cent. 
Heat  used  for  superheat  of  steam  *..       242^8        ,,  221        ,, 

Loss  m  flue  gast-i  per  crikulation*;!^ 

tndtc^ited  ahovt*  ...         ,..     I375'^^      <•  ti'^t        *» 

Lqs^  uiiaccuuntcU  for  hy  radi;itit>n, 

Incomplete  combustianj  ashe^, 

etc *,.     1486*14      M  i2'94       „ 

109H9-00  B.T.U.     100*00  per  cent. 
Total  efliciency  74*55  per  cent. 

Mr,  S,  Z.  DE  Ferraxti  :  The  two  paper*  which  h;xve  lietMi  read  MrFeFraoti. 
to-Dight  are  of  great  mtcre^t  to  this  Iri^titutioii,  principally  because  its 
mcmtKrr^  havH.*  to  deal  with  the  generation  ail  (J  ^nppJy  of  electrical 
cocrjgy  ;  and,  to  my  mind,  quite  the  moiit  difftcult  problem  in  the  supply 
rrf  electrical  energy  is  Ihat  of  steam  generation.  The  time  of  year 
*4t  wliich  Ihese  paperts  have  been  read  is  especially  isuilable  for 
cmpha-sising  thi^  points  as  it  is  now,  unlVirtunately,  that  many  central 
elation  en^incer^i  realise  what  a  very  diftieult  problem  thai  of  steam 
generation  really  is.  Not  only  have  wl-  to  arrange  for  generating  the 
stcjim  economically  Ihroughout  the  vear^  but  to  provide  for  times  when, 
owing  to  unexpectedly  lar^e  demantl,  from  fogs  in  a  city  like  this»  and 
Mllicr  causes,  tire  steam  gen e rati nj^- plant  is  very  hard  prtissed.  I  think 
I  ma  right  in  saying  that  where  difficulties  exist  in  electric  supply,  the 
i^eatest  to*day  is  that  of  generating  ^iiffictcnt  steam  at  the  right  time  for 
rynning  the  engines. 

The  question  of  fuel  has  been  largely  dealt  with  to-night  in  the 
piipers,  but,  owing  to  the  large  amount  of  coal  taken  hy  the  Govern- 
ment, there  is  throughout  the  country — and  more  especially  in  London 
—a  very  great  difficuhy  at  present  in  obtaining  coal  of  the  desired 
U^s  fwr  forcing  the  lioilcfi  to  their  maximum  atpacity.  \\*ilh  regard 
'J  cheap  fuels,  wc  have  found  at  our  own  works,  in  generating 
t:kctric  supply  for  power  und  lighting,  that  we  gain  considerably 
by  using  very  cheap  fuel*  a*  compared  with  fairly  good  ones*  We 
have  no  cost  of  getting  rid  of  clinker^  and  our  conditions  are  in 
that  respect  different  irom  those  in  orclinarv  towivs  ;  but  the  difficulty 
^luch  arisen  with  us  i.s,  that  so  soon  as  we  have  been  riuming  for  a  few 
months  with  a  satisfactory  and  cheap  fuel,  and  miide  a  saving,  the 
«tipply  of  that  fuel  Ixxomes  exhausted,  or  its  price  is  raised,  so  tliat 
fftally  nuihing  is  gained  by  the  experiments  made  to  find  out  which  was 
Ihemo^t  economical  in  use, 

With  rtrgitrd  to  economy  and  continuity  of  working,  it  is  very  im* 
ronant  to  have  a  sufficienlly  targe  combustion  chamber.  The  great 
riilicttlly,  ci^peciaHy  in  boilers  which  are  forced  considerably,  appears 
'  ^c  :!i  jt  the  hot  flame  impinges  directly  upon  a  cool  surface,  and  so 
ii;  1  !■  ti  !%  not  as  complete  as  it  should  be.  The  plan  Mr,  Crompton 
^i*  v.  I  in  ffic  diagram  of  his  special  form  of  incandescent  arch  for 
av,,iHig  L.iiauistion  must^  undDubtedin  give  a  very  much   highet 
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economy,  My  own  experience^  unfortunately*  has  been  that  the  brkks 
of  any  kind  of  arch,  evtn  the  side  lining  of  furnaces  with  boikrs  which 
have  a  fjood  deiii  of  work  to  do,  *.bg  down  vcr\*  rapidly  :  in  fact  tlic 
furnaces  of  many  electric  boilers  at  ^certain  tjmes  are  very  much  hkc 
blast  furnacc^i  the  heat  i*i  so  great,  and  the  fn  e  so  intense.  Although 
the  results  are  ver>'  good  as  long  as  I  he  brickwork  lasts,  the  greatest 
difficultiejii  are  met  with  in  il^  maintenance  and  in  the  cost  of  renewal. 

A  very  vital  point  in  the  economy  of  ssteam-gctieration  in  largo 
plants  is  to  have  suflicient  spare.  It  is  no  use  to  have  sufficient  spare!^ 
in  tlie  summer  time  ;  the  important  thing  is  to  have  a  substantial  spare 
at  the  worst  time  of  the  year,  so  that  thoroughly  efftcient  cleaning  opera- 
tions can  go  on  all  the  year  round.  Most  of  us  know  of  tests  which 
have  shown  how  quickly  the  efficiency  of  a  boiler  goes  down  as  it  is 
kept  in  continuous  work.  There  h  the  deposit  inside  the  boiler  and 
there  is  the  deposit  of  a  coaly  nature  outside  the  boikTi  tliat  is  to  say  on 
the  surfaces  which  are  exposed  to  the  flame,  and  these  together  so  effec- 
tually insulate  the  fire  from  the  water  that  very  great  loss  of  economy 
results  therefrom*  I  therefore  think  that  one  of  the  essential  points 
in  ensuring  good  economy  is  to  have  a  sufficient  reserve  to  be  al>le  to 
work  the  boilers  economically^  and  to  he  able  to  clean  them  most 
systematically  and  thoroughly  at  all  times  of  the  year. 

Mr.C.  E.  Stkomeyer  :  Mr;  Holhday's  paper  is  cspeciatly  interesting 
on  account  of  the  very  exact  iigures  and  details  which  he  gi%'es.  Mr, 
Crompton's  paper  is  of  particular  interest  as  being  suggestive  :  and 
there  are  manv  points  that  one  would  like  to  discuss.  Mr.  Holliday*s 
paper  is  rather  difticuU  to  speak  upon^  because  it  is  so  complete  in  itself, 
but  I  have  made  a  few  comparisons  which  may  be  of  interest.  For  in- 
stance, it  appears  that  the  moving  of  the  refuse  in  his  case  costs  about 
as,  per  ton.  The  paper  also  shows  that  witli  coals  containing  much 
refuse  matter,  the  efficiency  of  the  fuel  is  below  what  it  should  be  if 
reckoned  In*  the  amount  of  carbon  and  hvdrogen  in  it*  because  Ihc 
ash  in  the  coal  has  a  greater  deteriorating  effect  than  it  should  have 
theoretically^ — I  think  it  is  about  40  or  50  per  cent,  more.  Taking  that 
into  account,  the  figures  w*hich  Mr.  Holliday  has  given  work  out 
verj'  wctL  I  have  also  calculated  the  cost  of  tiring  coal  having 
different  percentages  of  ash.  If  the  coal  were  perfectly  free  from  ash, 
the  cost  of  stoking  at  these  works  would  be  about  id.  per  ton  of 
water  evaporated;  if  there  were  to  per  cent  of  ash  it  would  t>e 
i|<l.  ;  with  20  per  cent,  it  would  be  2|d.  ;  with  30  per  cent*  it  would 
be  4id.  So  that  with  30  per  cent,  of  ash  in  the  coal  the  cost  of  tiring 
it  is  increased  more  than  fourfold.  This  comparison  should  be  tiiome 
in  mind  in  dealing  with  colliery  proprietors  as  to  the  purchase  of  cosil. 

It  is  quite  true,  and  most  natural,  as  Mr.  Crompton  has  said,  tliat 
as  soon  as  a  demand  springs  up  for  slack  tlie  price  rises.  The  shaJe 
oils  of  Scotland,  which  were  at  one  time  very  cheap,  afford  another 
instance  of  this  effect.  Three  attempts  have,  I  believe,  been  made  to 
use  this  shale  oil  for  boiler  purposes  in  steamers,  and  in  every  case  the 
attempt  had  to  he  given  up  because  the  price  of  the  shale  oil  at  once 
increased,  and  it  was  then  uneconomical  to  use  it,  The  oil-burning 
furnticcs  had  to  be  taken  out  and  ordinary  grates  substituted  again* 
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V%*itti  r^i^tfd  let  llr.  Cromplon  a  table  on  pa^c  7 1 ,  gi vi  rig  a  compari sou   Mf  sir o- 

t^twrea  the  two  watcr«tubc  hojJcr^,  the  los^i  of  \wut  by  radiation  and  ^^^y^- 

athcr  vayv  which  i*  of  course  found  by  dilfcrcncc,  amounted  in  one 

4^  to  127  per  cent,,  jknd  in  another  to  3  22  per  cent     Jf  thost*  two 

4cr>%crr  mtmibr,  there  would  ;ipj>ear  to  be  sons e thing  wrong  vvith 

<  6f;9ret  qootc^d,  c'^peci;illy  us  the  it;cfmd  is  rather  tow*     I   belitvu 

'^  Wme  mn^lamMtn*n  is  th;it  the  amount  ol   heat  curried  away  by  the 

-      .'?v  M fed,  fur  1  do  not  In'lieve  that  25  per  cunt*  wa^  lost 

.  a ,       1  I  i  1  i  for  is  very  ttkcty  dxi^  lo  the  method  used  for  .samp* 

M(  li»  IpK^v  ^  point  u|>cyn  which   I  have  collected  information.     I 

tkoaM  fimt  ocptainp  however^  in  what  way  the  quantit>'  of  fine  gasci^ 

rjB  be  riticmted.    One  method  is  by  analy^^in^^  the  gase^t  and  thus 

iaHrnf,  out  the  quantity  of  csirbonic  acid  present  in  them  ;  from  tlmt 

^  be  citcnbUcd  the  ratio  between  the  coal  used  and  the  Hue  gases, 

lid  liencd  the  quaotity  of  gas  pas^iing  tinough  the  furnace.     Another 

,  wh»cli  I  belicte  lo  have  been  fir^t  indicated  by  Professor  O* 

ts  to  iscertBin   the  quantity   of    heat   abstracted    by    the 

The  anioitiit    of    heat    taken    up    by   the    cconomi^ser 

id  Uol   lost  by  the  gases  must  he   equal,     They  can  be  measured 

^  Ike  imU  td    tentperature  in  the    otic  case,  and  by  the    rise    of 

-apcnrtiine  an  tlic  other      The  weight  of  the  feed- water  is  known « 

^  ISicreiore  the  «^4^ht  of  ttic  j^ises  can  at  once  be  found.     1 

im  eampared  the  two  methods  in  ten  trials  made  on  the  same 

•<kr^  mnd  carried  out  by  two  independent  engineers.     The  highest 

^ttM  ioi  tbe  e^^onomiser  system  was  36  pej-  cent.  al>ovc,  the  lowest 

i^dlr  j6  per   cent  hclow\  that    by  the   gas  analysis   system.      The 

"tofloeCltodm  are  therefore   uncertain  lo  I  he  extent  of  ±  26  per  cent* 

!ilcb  i»  a  very  large  error.    The  other  tlgures  are  these^  -f  26,  4*  17, 

*  tj,  4"  9^  -♦*  ^  -f  7,  +  G,  —  rj,  -*  7,  and  —  26  per  cent.     The  average 

nmM  If  that  the  econotni*er  gi%*cs  26  lbs*  of  waste  gases  per  pound  of 

l«i  aod  the  chemtcal  analysis  gives  35^  lbs.     The  general  average 

s  ihoi  tit  iatr  ajtrecmeni.  but  the  discrepancies  are  enormous,  an<l 

r  ti^  rcaaofi    t   do  not   feel  inclined  to  attach  great   importance 

tithcr    inHhiHl    of    determining      the    qminttly    of    gases,      llie 

«kiff  icih|rct   tequires   very   careful   investigation.      Mr.   Longridge* 

cxpertitie£if!i  which  were  in  a  way  rather  discouraging,  has 

1 31  gjreat  difference  of  temperature  lictwccn  the  lop  and  the 

fnf  th,-  fiitc,  and  we  da  not  know  with  certainly  what  is  the 

^3B  1  4c  of  the  lAvuing  gases.     I  also  think  there  is  consider- 

^  dtwrrcpuoty  io  ihc  ehctincal  composition*  according  to  whether 

•s  oople  i«  Uktiti  irnm  the  top  or  the  bottom  of  tl\e  tine. 

Meslipll  W»  tmudic  iti  the  paper  of  convening  th^.'  fuel  into  gas,  and 
'^  Mood  tjnteni  unu  relcrred  to.  I  Ix-lieve  that  at  present  that  system 
c^  moit  mcccsifiiJ  oiie«  but  as  this  process  was  invented  specvally 
fid  b  veiy  laitable)  lor  the  prcxluction  of  ammonia,  it  does  not  always 
ofiirhen  thtr«  i&  msullicicnt  nitrogen  in  tbe  coat.  Indeed,  I  l-ichev'c 
1^11  f*i.t  tIci^vn  work  c\T3i  when  the  nitrogen  analysis  is  satisfactorir, 
tic  ecftain  coals  w^hich  will  work  with  it,  and  certain 
.ro  iiuivu  wiil  not.  As  soon  asit  b  found  which  qualities  will  give 
c  best  riaolt»  with  that  ^>'stcmt  or  in  fact  any  other  i^ystem,  the  price 
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■■'       I:      ri>.-t     ■.  ■  .        ■    -.r.  .-■    i:...   .  I-  ■;..■  .-.u::!--!". 

.1  ■  I'-!  :    'I  mvji-:!.'.        •:!!  :  :i.ii:".   -ir^ii    !  I'lii;!"-.  r..ir  ! Ik*  -i-niOfi 

.'    ■  ■  ■'     I'  ft  :     .i.ii-      "...iv     -I-    ..  .ii.     I    i;:it'.-  a-ri-i-  rh.ii   ihi? 

■'     .(!     .■  '.»'^i       ■  ::         :.:■!. ::i    -•::■ -1      "•■Ir;--     kim.-    ,ii\v:i\  ••   hcun 

'»■  ■:  -!  ri  i  .■  ;■■  <■      .ir,r  I       t    "liil       vpL-    :«.    "iic    i-ii^-cii(ict.l    noiJcr. 

■-«     ':i       i.ii-.  -.  I-. ■.:■..  ;;!■.      r  .1  i;    i.-.   ■':c    riiiL-    >cltk-*»  'iowii  '■.>  the 

■  ■'■  >  '  ■■■  :iA  i^-  ,5\f  ■■i--::iMt.-.  iiiii  r.;!'.'  .^:ui  :■.■  ■."i-rv  -crii'ti^  L'xplu- 
i'  '       I  -  ■    ■•   ■\i;i,i;i     :-.    :..■     .i-r    .1   -wciw-    >■  licrs    viiicLi  ■.'Xpl»»(lu«l  Jt 

y  ■■!•  Il-  ."  ..  i"  «•:■  -M:.  :r.;-  •:  "Ilc  JXt*. i-i.ul v-iircd  "v-ilcr  l>.  ut  .."'.mriO, 
^"  ■;■■  '■::.■  "  i!."  r"A>i  Ii  Ik-:-'  ij.;  u'lirtciv  -.ul"s  i.iuii  ::iu!!c 
.:■'  I'-  ■■■  '-.'I  »  i!  :i.;  !:»'"■.■  :■:-.  -i-:;:  •:■.■  -.iinL-  iiitk::l:v.  riLimclv,  ihat 
" '■  ■■•■'■  ■  •■!■  ■  M  ■!..."  M'.i. .-  \;:i:i  >  iii'-cilv  'Vi-r  il:c  lire  .imi 
■\:-'i-  ■  ■  •  ■'.<  ■'■.■:-.•  W-  -MM  ■;■  ni  ■:c:v  :-:».:k-'  ■imi  iht-  uicinbers  of 
'..     J  ,r;.  ;,,■-■:  ■  >i.-,,;;i  ;■  i:-.    \- -■  r:;  jii  ii    ii-iikc  'luin.  aiitl  rho>c  who 

■  1*  ■  v.-.l  '  .  :-n  ,:■.'  I.  :  ■■•:-■  .  :ul  -r  'v.i'in.  i"i'.v  .iic  .iLVu>Tonictl  to 
■ '■  I .  ■!"  1-:  ::■  ■  ■.■<;»■"  .\,:':ii  v  r\-  '  "r  iiLiip-  ■.\i.r-  Aviiimit  giving 
I"'     'I-  -il  ■■  i' ^;-;- ■      M.v      ■  i,  .i-'^:ri.iilv  .    -iiiii     •!    Ilmkii^c.   ami 

■  •:ii:     -r     hf    -.vi/jiv.    :hc    l-joiicr-makcr 
.'     -    :io    '«.-:-":i::i>  ■r-iihic.     But  wilh  a 
r  iiit'i--:-  "ii       .1:-    -oi  11   .i>    liicrc    is  ;iny 

..'.i\v   ■vii  ::■:■!■  "iiv.-  '.id:c  will  Inir^t  ur  not. 
!.i:M*in    ii'.ii  -.    -"iL"  !v.!iicr  :•»  .u  ijiicc  rut  out 
.1.     Ai:'".'  ^:-J.\  v.w.  c.^i  -n  Liiiicr  case  may 
■  ^v:i:-     \:\\i  i   pr  Lciiciu  ^liifcrL'iicu  :  in  tlic 
■  ■■■■     I--     •'■'■      i-'.  >       '•  A-:  '.   ■■i'-:    \   '■■;  •.jiiicTiy  iimil  c:ic  end  'A  the 
•    ■•  ■    I   •■  .-.  ■      r     •;■  i:'      !■  -I'       vlv:!-?  •;■  ".■.•.•  ■  L'Ilt  e:i>c  the   boiler  has 
..     ■■.'■••."  ■  :ili|i  =^:■■    ■•  .1  ■ -.-   vu  !-■  -^v;:  :.,  ";ir  ,v\-i  ..III '>t  ^e;ir.     lam 
.  ■    ■    :  ■   •  ...ir.v.i.wr  ir  r>  rt.i::r  .:i  view.    Wilh  Cor- 

.  •■•  «•  •  •:      r    .;   ■-'  ■■■     I    ■■  V  ■      .1--J.-S.  KI'- :*:-x:i: -^vTii.iicare^.  tluit  point  does 

■  '    '     J.     '.       .■    .      ■  '.I  :  •    ■    :  ■     .-..i!;     :-.i-.  _■  -pare  boiler^,  and  if  one 

1  ;.■•■.•.         i.\  .1-     -....    -r.i.-t  ir-.i.-tiicr  in  it- phie'e.     In 

!■         ■  •      ■  I     ■  I"  ■  ■.  .    ■      .!■;   .r     .r:-;:v.-  [  ■\\:'.:  .i  ■. ..rv  lar^e  allowance  ot 

M   ..l.:^i.i     :  .!-    .-.^i'.  ;:■'.!. iL^ii  .  lit.     Tins  i>  a  very 

'  .     .  '.■     ■    .■      •"  I.  ■•  ;':..:'.      ;..'!  Al-j.-r  ;  r_--e:"Ve>  «.!•)  eXi>;.Ot  COUTsC 

.■■■■.1.   » ■      ".    .    .:.'     /■ -A  ''■■■-!.■!■- .ire  un-i^r  repair  or  not.   That 

■  ■  ■  .    :    .    '.'■■    ■'■'<  ..   .'      ■:.   :"  :       :"  :.!  1  e:>:n:  L-f  ! living  the  i^rates  out- 

■••.■:  '  ..     ■■■    .     !■.  ■ '1.     'i  :.•-■   i  :-:e'^  are!",  wl^icli  has  also  been 

■  '■  .     i    '   ,':  .    ■'.:■■■.    •.\\.\i.'.:   Mr.    Kerranti  !ias  mentioned, 

■  ■     '.  ■■  .  I    .  :r...l  .'    :.v  .1  .jr..-  rile  f:.i:..L;er  'it   which    I   have 
;    ■■  ■            i      ■  '.  ■  .  i-    i     ?    •    y--,  .;:   ..   .:..i;  f  ws-l-  1=..  er-phaNi-c  ;  the  heat 

■■;    .:.i;.     :.:'■!    i ■■.;■.;■- .i:e  .ut  t-   >ulter  Very  much 

■  :  ■: !      i  i'iiv.'   :"..i"  ,1  \ery  i.iir  combination  of 

■  '   •■'     .•  .  .■;'!  ,  !  •  .•..'■  '1: -.-Ii.i  i;   l^.»ile!>.  a>  they  are  called, 
.;.    '".  ■■■■'■   *'■  '  •■  .'■  .  :;";i  I  . 'tl' '-ti-'l  iii-ide  the  tnrnace.    The  lirsl 

.n«'  ;i  ■  .  '  .1  .  ■:  .'  il  .  fi:.i  I.  I  Willi  lij'"  tnruace  plate>,  and  then  there 
i-.t  In;.'.'  i..:-..  ('.lui-'i  !i'*n  <..Ii:hiiIk  t  v.  Iiere  all  the  ^nioke  j^ets  consumed, 
.Mul  til'  M  Ml'  i;.i-.!  -.  *\\*-  turned  nit'i  llie  boiler  liil»t>,  >o  that  the  heat  is 
,ib.-(ra'.l».'.l  h'»rii  th'.tn. 
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DtH^iLD  Clerk  ;  Mr.  Holliday*s  paper  is  occcedtngly  interest- 
ifid  il  woyld  he  very  valuable  to  engineers  if  more  of  us  wi-rc  lo 
Jlc  trouble  lo  compile  statistics  of  the  kind  that  he  gives  from  the 
rs  in  OUT  charge.     With  regard  to  Mr.  Cromp ton's  paper,  however, 
rtiJd  like  to  raise  a  note  of  warning  against  two  or  tlirce  things 
)  he  hAS  suggested.     In  the  fir^t  place,  so  far  as  I  understand  the 
ST,  it  is  qaite  a  mistake  to  think  that  a  gas  producer  will  ever  do 
food  in  connection  with  a  steiim  boiler.    With  the  special  Mond 
icer  there  are  reasons  why  some  success  should  be  achieved  :  but 
tempts  to  arrange  producers  so  as  first  to  convert  t lie  fuel  into  gas 
:iien  to  burn  it  under  a  steam  boiler  have  failed,  although  many 
attend pts  have  been  made.    They  have  failed  for  a  reason  that  may 
easily  under«*tood.     If  yoti  wish  to  conv  ert  a  pure  carbon  fuel 
,_k> — and,  of  coiirse*  the  majority  of  fuels  contain  a  very  large  pro- 
fit of  carbon — you  must  first  convert  the  fuel  into  carbonic-oxide, 
^f  n  convert  the  carbonic-ojtide  into  carbonic  acid  in  the  fire.    The 
^ence  of  this  arrangement  is  that,  if  the  producer  is  altogether 
the  furnace,  the  gas  which  you  have  produced  never  gives  more 
out  70  per  cent,  of  the  total  heat  possible  by  the  combustion  of 
id.   In  other  words,  if  you  take  a  gas  producer*  such  as  the  Wilson 
e  DowT&on,  or  any  other  welbknown  producer  of  the  kind,  you  will 
ihat  }*ou  never  gd  in  the  gas  from  the  producer  the  full  aniotmt  of 
if  the  gpXS  from  the  producer  be  burnt  it  will  only  give  about  70 
it.  of  the  heat  that  the  coal  which  made  the  gas  w^ould  have  given 
i-illy*    There  is  a  loss  of  30  per  cent,  in  the  producer.    The  only 
lo  a%'oid  this  is  to  have  the  whole  of  the  producer  within  the  boilcri 
pO  prevent  producer-loss ;  but  that,  in  previous  attempts,  has  always 
found   impossible.    According  to  every  test  made   by  reliable 
^  up  to  now,  by  using  a  gas  producer  not  more   than  70  per 
Bt  the  most,  of  tlie  original  heat  of  the  coal  would  be  sent  into 
oiler,  and  of  that  70  per  cent.»  as  in  one  of  the  tents  hcre^  only  72 
f'Tit^  would  probably  be  utilised.    Therefore  1  consider  that,  except 
unusual  circumstances^  gas  producers  could  not  well  be  used 
with  some  exceedingly  cheap  fuel  that  caimot  be  burnt  in  any 
\\-ay,     F'or  a  fuel  that  cannot  be  burnt  in  an  ordinary  grate,  or  fn 
;nt:jdification  of  an  ordinary  grates  it  might  pay  to  put  down  a  pro* 
.  hut  not  otherwise. 
Vi  regard  to  boilers  of  the  water4ube  type,  1  quite  agree  with  Mr* 
,  er  that  thcv  are  not  satisfactorv  to  the  ordinary  manufacturer, 
had  a  good  deal  of  experience  with  thenx,  and  it  has  been  my 
j^atc  dutv  to  turn  them  out  and  replace  them  with  Lancashire 
K   A  good  water -tube  boiler,  such  as  the  Babcock  &  Wilcox^  has 
^^cat  advantage  compared  with  the  Lancashire  boiler^  where  you 
10  i!et  A  Iwilcr  into  a  space  difftcult  of  access,  and  also  w*here 
n  t  a  high  steam-pressure  ;  but  you  must  carefully  con- 
ncc  between  the  efficiency  of  the  boiler  and  the  efii- 
y  ot  tite  engine,  and  in  some  cases  you  wili  6nd  it  would  pay 
r  to  be  content  with   lower  pressures   and  a  better  and  more 
stnicaJ  boiler*  The  main  loss,  w^hich  causes  the  results  obtained  wHh 
bibcock  &  Wilca'r  boiler  to  dj0er  from  tho$e  with  the  Lancashire 
pjL  jot/a:  0 


Mr.  Clerk. 


B% 


COST  OF  STEAM   RAJSlXG. 


lXo\'.  23fd. 


Mr   MlUer. 


boiler,  is  due  to  radiation  and  conduction  from  the  fire-brick  furnace. 
Wherever  a  fire-brick  ftimace  encloses  a  flame^  and  the  ^ide  of  the 
furnace  is  incandescent,  although  on  touching  the  outside  of  the  brick- 
work there  would  appear  to  be  no  serious  loss  of  heat,  measurcnicnts 
will  show  that  the  heat  loss  i^  %xry  jgreat.  Reference  to  many  of  Long- 
ridge's  experiments^  upon  boiterii  of  the  Babcock  &  Wilcox  type  will 
show  that  a  ven'  great  loss  of  heat  is  caused  in  that  way,  somewhat 
larger  than  in  the  table  ^iveii  by  Mi\  Crompton.  This  table  in  one  cas^c 
gives  a  loss  of  127  per  cent,  heat  radiated,  but  in  the  Glasgow  l>oiler 
only  3 '2 2  per  cent.  That  is  absurd.  There  i&  no  boiler  ever  built  that 
gave  such  a  low  loss  by  radiation, 

(Mr.  Crosipton  :  It  is  one  of  Mr.  Longridge*s  lesls,  made  very  care- 
fully.) 

Mr.  Clerk  :  There  is  something  utterly  wrong  with  it.  It  is  quite 
obvious  that  if  a  furnace  be  placed  in  the  middle  of  the  boiler,  as  in  the 
Lancashire  Ix^iler,  there  will  be  no  radiation  loss  from  the  furnace,  but 
only  the  ordinary  radiation  loss  which  occurs  in  every  boiler,  due  to  the 
boiler  surface  itself.  The  combustion  may  not  be  quite  complete,  but 
it  is  rather  a  peculiar  fact  that  in  Lancashire  lioilerstbe  highest  economy 
is  obtained  when  the  combustion  is  incomplete*  The  reason  is  this  :  lo 
ensure  very  complete  combystion  there  must  be  a  large  excess  of  air, 
and,  in  consequence^  more  heat  must  be  carried  away. 

The  types  of  water-tube  boiler,  such  as  the  Yarrow,  the  Thornycroft, 
and  the  boilers  used  by  Parsons  in  the  **  Turbinia/'  where  the  furnace 
is  within  the  tubes,  not  without,  give  all  the  efficiency  with  all  Uis; 
advantages  of  the  higher  pressure. 

Mr.  H.  W,  MiLLEK  :  Mr.  Crompton  mentions  in  his  paper  the  use 
of  special  smoke-consuming  fire-bridges  in  boilers  for  the  purpose  of 
improving  the  combustion*  1  have  been  experimenting  on  that  subject 
for  the  last  t:hree  years,  more  especially  for  the  purpose  of  reducing  the 
smoke  produced  by  boilers  of  the  Babcock  &  W'ilcox  type,  and  1  ha%'fl 
achieved  a  certain  amount  of  success.  So  much  so,  that  most  of  lb 
qualities  of  Welsh  coal  that  come  to  London,  which  are  only  so-calli 
smokeless,  can  be  burned  with  ease  in  the  Bal>cock  boiler.  But, 
course,  it  is  quite  impossible  with  the  ordinary  standard  constructioi 
to  burn  the  best  qualities  of  Welsh  coal  such  as  we  ought  to  use- 
Ocean,  Hills- Plymouth  and  Nixon's.  At  present,  on  account  of  tlw 
production  Of  smoke,  we  are  practically  bound  to  burn  coals  whicl 
arc  almost  semi-s^nthracitic,  and  we  do  not  get  the  good  results 
wc  should.  It  is  well  known  that  in  the  ordinary  standard  pattern 
of  the  Babcock  &  Wilcox  boiler  there  is  no  real  combustion  chambcrj 
at  all ;  the  gases  rise  from  the  furnace  and  immediately  go  among  the 
tubes  and  the  temperature  drops,  so  that  by  the  time  the  gases  arrive 
m  the  so- called  combustion  chambers  at  the  top  of  the  tubes,  thi 
temperature  is  so  low  that  there  is  very  little  combustion  at  alL  Th« 
object  of  putting  this  special  fire-brick,  smoke-consuming  bridge  is  t<l 
liaise  the  temperature  of  that  point,  and  so  complete  the  combustion 
I  lind  by  using  the  pyrometer,  in  an  ordinary  boiler  the  temperature  ol 
flue  gases  at  the  top  of  the  tubes,  after  they  have  risen  from  the  f  urnacii 
^nd  s^ne  fhroti^h  the  first  hue  of  tubes,  is  from  800°  to  iiOOqT  Fahreobeitj 
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>vh»chbnHM:kloa]owtoooiit|>lete€»iiibiistii^  Boi  after  fixing  Ihe  £re-  Mi; 

brklgt.  wbicli  ocmsbU  of  a  rcry  Isrgt  Siass  ci  fire-brick  snd  bollow 

spskc^^  thnm^  which  hoi  air  is  imrodttccd,  tile  tcfnfKrmtorc  measure 

M  the  b^ick  of  the  bridgi*  i^  irom  i  ,200  to  1,600  degrees.    When  yati  look 

'ti^tdc  tlte  boilrr  ^  this  poiiit^  instead  of  it  bem^  piractically  dark, 

L^u  sGc  the  whole  i^paoe  inil  of  Bj^ne.     The  res^t  b  ibat  a  large 

proportion  of  the  smoke  is  coostttDed,     Mr,  Cr€fii|iloii  also  mentioiiedt 

and  has  shown  00  the  screen,  some  improf^iaefits  in  the  type  of  the 

T  txiiler  where  the  chain-gmhF  stoker  is  ti^cd,  aod  he  showed 

vi?d  form  <^f  fire*brick  arch.     In  some  t>oiJen!%  which  arc  being 

htuii  tuf  T  :oT  U-Ht.'  next  year  f  have  "j^onc  c*-  lh;*n 

Mf ,  Croii  ^  .iiid  have  provided  a  real  combi:  iUibcr, 

vo  ttial  I  Ivopc  to  be  »blc  to  burn  Xorlh  CotintTy  or  Midland  coal.     In 

jidditlon  lo  the  fire-brick  arch  wfiich  Mr.  Crompton  ^holN^ed  an  the 

i43T«m^  tlte  whale  of  the  tuhc^  of  the  boiJer  have  been  lifted  up  an 

vxlia  tivo  feet,  a  second  arch  ha!^  been  put  in  coming  from  the  back 

part  id  i\)€  ftirnace*  and  a  large  combustion  chamber  is  fornied  m 

ihai  ^pacc,  entirely  lintd  throughout  Hith  iire-brick.  and  intu  that  space 

t.%  ;idmitled  a  certain  amount  of  hot  air.     By  that  nitfaii^  1  hope  to  be 

able  to  itnpro\e  the  combustion  so  mnch  that  I  sliaU  not  be  obhged 

10  nsc  Welsh  coal  only  in  future, 

Mr.  B*  Blol^xt  :  I  did  not  intend  to  speak  ai  alh  but  there  have 
been  sundry  chemical  questions  raised  on  which  1  may  be  able  to  say  a 
uord,  notably  in  the  case  of  the  determination  of  tJic  efficiency  of  a 
boUer,  or  rather  the  efl6cicncy  of  the  burning  of  the  fuel  for  the  boiler 
bv  the  analysis  of  the  gases  which  come  away  from  the  furnace, 
Vxrtoiss  remarkable  figures  have  been  stated  from  time  to  time  as  to  the 
perceatage  of  carbonic  acid  in  these  gases,  and  wc  hear  of  the  percentage 
runntng  up  to  a  point  where  it  rivals  that  of  the  oxygen  which  has 
been  consumed .  wliich.  considering  that  there  is  a  certain  amount  of 
liydrogen  in  fuel^  is  absurd.  When  we  pa^s  from  those  regions  of  m^-th 
and  oome  down  to  actual  facts,  we  discover  that  some  users  of  special 
fofms  of  hoiler'grate  and  the  like  get  really  remarkable  rc*sults— la  per 
cenl.ol  COi  and  soon.  Personany  I  have  analysed  a  great  number  of  ga^es 
fif  thiv  kind,  bul  do  not  find  anything  of  the  sort :  I  ftnd  a  maximum  of 
sotri  !;e  to  or  II  per  cent.,  but  not  more.    Then  there  is  another 

^tK  ue  same  kind  which  arises  from  the  analysis  of  these  leases, 

ll  is  n^u^iiiy  suppo^td— 1  do  not  thmk  by  theautliors  of  these  papers  or  by 
tho>e  who  arc  likely  to  speak  in  this  discussion*  or  by  those  who  have  made 
a  s|iectal  study  of  the  question — but  it  is  supposed  by  a  great  numbci 
ol  steam  users  timt  they  run  two  serious  risks.  The  one  is  the  loss 
of  Allergy  from  the  fuel  by  imperfect  combuslion,  due  to  the  pro* 
doctioti  of  some  incomplelely-oxidissed  carbon  in  the  form  of  carbon 
nioiMSiide*  They  may  relieve  their  minds  as  to  that.  It  must  be  a  very 
bafOy-run  f mm  ace  which  produces  carbon  monoxide.  Carbon  monoxide 
i^  r»rcl?  found  in  ordinary  flue  gases,  and  if  found,  the  quantity  is  very 
smalL  Tbc  second  fear,  which  1  can  al&o  dispel,  arises  wlien  they  see 
a  little  smoke  going  out  of  the  chimneys  ;  they  are  afraid  they  may  be 
ndned.  It  b  much  tiiorc  hkely  thai  the  neighbourhood  will  be  vuimd 
tbaji  that  thctr  pockets  mii  suffer. 


Mr  Kowrt 
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^!r,  DugakI  Clerk  has  spoken  a  great  deal  about  the  fii&3id vantages 
which  he  aiscribe^  to  the  use  of  a  producer.  1  would  like  to  point  out 
that  when  a  producer  is  run  as  it  should  be  with  a  proper  supply 
of  steam »  so  that  the  sen^ib[e  heat  of  combustion  of  the  fuel  used  is 
applied  to  the  production  in  proper  proportion  of  hydrogen  and  carbon 
monoxide,  nothing  like  30  per  cent,  of  the  calorific  value  of  the  fuei  is 
lost-  And  further  than  that*  if  the  producer  is  put  close  up  against  the 
object  to  be  heated^  the  amount  of  sensible  heat  which  would  otherwise 
be  lost  can  tie  used  and  absorbed  by  ttie  surfaces  to  which  it  is  applied, 
just  as  freely  as  is  the  sensible  heat  of  the  furnace  gases  of  solid  fuel 
burning  in  an  ordinary  grate.  Further,  there  is  this  point  which  Mr. 
Dugald  Clerk  did  not  mention—that  no  one  in  his  senses  would  think 
of  using  a  producer  for  suppljnng  producer-gas  to  feed  a  boiler;  he 
would  use  it  for  driving  a  gais  engine,  and  that  is  ^  totally  different 
thing.  The  economy  of  fuel  that  can  be  got  in  that  way  is  very 
considerably  greater  than  can  be  got  from  the  steam  engine,  putting 
aside  the  recovery  of  the  ammonia  which  has  also  been  spoken  of  this 
evening.  That  recovery  of  ammonia,  1,  speaking  again  as  a  chemist,  a 
little  demur  to.  1  am  rather  afraid  of  the  market  being  flooded  with 
that  useful  materiah  sulphate  of  ammoniai  which  may  presently  cause 
it  to  be  sold  at  something  les:s  than  the  price  of  the  sulphuric  acid 
which  it  contains.  Then,  ah  hough  agriculturists  will  prosper,  the 
fuel  seller  and  the  power  raj&er  will  suffer, 

Mr.  G.  L.  Addexbrooke  :  These  two  papers  arc  difficult  to  discuss' 
because  it  is  hard  to  know  what  is  admissible  in  tbe  discussion*  As 
electrical  engineers  we  are,  of  course,  interested  in  the  cost  of  raising 
steam  I  but  we  are  still  more  interested  in  the  relative  cost  of  raising 
»jteam  in  comparatively  small  plants  as  compared  w^ith  targe  plants 
where  every  facility  can  be  provided.  The  problem  on  which  we  arc 
at  present  engaged  is  to  sec  how  far  we  can  replace  the  steam  engines 
and  boilers  of  factories  by  steam  generated  in  central  stations,  Mr, 
Holliday's  paper  is  exceedingly  valuable,  not  because  it  goes  into  the 
future,  but  because  it  gives  us  figures  as  to  good  commercial  practice. 
These  figures  may  be  taken  as  absolutely  correct  for  a  large  factory, 
and  the  question  is  how  far  w-e  can  do  better  with  them  with  higher 
pressures  and  modern  appliances,  and,  on  the  other  hand,  how  far  it 
w^ould  be  possible  to  supply  electric  power  instead  of  locally  generated 
power  for  such  plants  as  Mr.  Holhday  speaks  of*  1  may  say  that  three 
or  four  years  ago,  in  going  into  this  question  very  carefully,  I  w^as 
exceedingly  anxious  to  get  figures  of  the  kind  given  here ;  but,  after  making 
many  inquiries  among  manufacturers  in  all  directions,  I  was  astonished 
to  find  the  difficulty  there  is  in  getting  any  really  reliable  figures,  I 
may,  however,  quolc  one  or  two.  The  annexed  table,  which  I  com- 
piled at  the  time,  gives  the  cost  of  running  a  50  horse^power  and  a 
100  horse- power  steam  engine  ;-* 


i 


I 

^■IV<9>  H .f .,  two;  ido  H.R,  three) 
^^^  '    T  of    belt    and 

^  to  work 
^s^px  pip^^*  va1vv.s  tU* 
•  dct*  and   engine  *hou«>c»  ^ack*  and 
walcf  ^nuiganrnlfi  and  general  cx- 
^^nepc*  of  wistalbtion .., 

^^V        Total  ... 
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250    o    o 

lOO     o     o 
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250    o    o 


400    o    o 
I  ;d    o    0 


31X)     O     o 


^^t,OTO      O     O      ...^1450     O     O 


30      O     Q 


14    o    o 


2.  .4itii»d/  Cost 


•rwCT  «id  Alolcer  ;ii  40/-  per  week  for 

?i  H.P. 
-  T.  T  and  «tci1wr  at  45/*  per  we«;k  fur 

.►  H  M  , 

:    il«v.  per    LHJ*,  for  3,700 

irifuttn^  at  5/-  per  ton,  plus 

tg  ;ind  tKinkinj^  fircs  ,,, 

4iwe  and  othvr  dtpcnscs  •.* 

^  i  *U  an  alMJVf,  dcprccUi- 
ince  also  7|  %  on  above 
ciiilly  a  I  tombed  for  ratcs^ 

..nntirndcncc,  whiclj  ore 
ucLJdcial  io  be  covcTi*d  in  this  item  > 


Total  anittui  i:^i 


h 

f  C«ftl  per  antttttti  if  mijmc  is  worked  at 
49crage  ut  two-thirds  of  full  U>iul,  per 
LHP.  (wbicb  ti  abQUt  what  is  prac- 

bdllv  tbtf  caue>  

iLH.P.  fc^  t^efi  a§  tlic  standard 
lasteacl  ci  I.H.P.,  the  ;ibo%nc;  coi^t^  ntiist 
1)9  rticrcancrt  by  15  %.  or  to  *,. 


104      D      O 


S3    II      O 
20    O    O 

fi      O     O 


150    o    n 


£3^^   ii     o 


iio  13    8 


iJ^    5    7 


F«ir  liTTs  fl.P. 


117     O    O 


150    o    o 

30    o    o 


J17    n    o 


£$2tt  10    n 


jC»    4    3 


^t>     K   lO 


Tbt  jpooeraJ  rcuilti  oi  thi»  t^bk  show  th;ii  H  you  take  au  ocdiojry 
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Mr.  Adden-  engine  working  under  commercial  conditions,  and  the  price  of  coal  at 
*'™°'^*-  about  six  shillings  a  ton,  the  cost  comes  out  at  about  one  penny  per 
indicated  H.P.  of  the  engine  per  hour.  By  this  I  do  not  mean  per 
I.H.P.  of  the  work  done,  but  rather  that,  supposing  you  have  an  engine 
which  is  capable  of  indicating  40  or  50  H.P.,the  cost  will  be  something 
like  three  shillings  an  hour  to  run  that.  These  figures  are  very  much 
higher  than  those  usually  given,  but  I  read  a  paper  in  the  Midlands  on 
the  subject  of  power  generation  some  time  ago,  and  one  of  the  ablest 
men  in  the  district  was  very  much  interested,  and  took  the  trouble 
afterwards  to  go  through  the  calculations  relating  to  the  engine  which 
was  driving  his  works,  and  which  was  using  coal  at  about  the  price 
named.  He  had  no  means  of  indicating  exactly  how*  much  the  engine 
was  doing,  but  it  was  one  which  indicated  40  H.P.  with  comparative 
ease.  He  found  that  this  engine,  including  depreciation,  interest, 
superintendence,  and  ever>*  other  charge,  cost  nearly  one  penny  per 
I.H.P.  per  hour.  It  is  very  important  that  we  should  get  as  many 
figures  as  we  can  of  that  sort,  because  they  indicate  the  nature  of  the 
margin  we  have  got  to  work  against. 

I  entirely  agree  with  Mr.  Crompton  with  regard  to  this  question  of 
cheap  fuel.  I  was  in  the  middle  of  the  district  where  cheap  fuel  was 
being  used,  and,  as  a  matter  of  fact,  I  am  trustee  of  a  collier^'  where 
some  of  it  is  raised,  and  I  know  perfectly  well  that  as  soon  as  the 
demand  rose,  the  prices  also  rose.  Mr.  Crompton  mentions  that  such 
fuel  depreciates  greatly  if  exposed  to  the  atmosphere.  That  is  perfectly 
true  ;  and  it  is  also  a  fact  that  if  the  fuel  is  left  in  large  heaps  exposed 
to  the  weather,  it  will  absorb  very  large  quantities  of  water,  so  that  the 
proportion  of  water  is  much  higher  than  it  would  be  under  ordinary 
circumstances.  There  is  another  cause  of  deterioration  in  collieries 
where  seams  arc  thin  and  where  electric  coal-cutting  is  used,  for  here 
they  try  and  cut  into  the  measures  below  the  coal  rather  than  into  the 
coal  itself  ;  that  is  to  say,  the  lower  three  inches  under  the  coal  are  cut 
out  by  the  coal-cutter,  and,  of  course,  the  dust  produced  cannot  but  be 
mixed  largely  with  the  dust  and  small  coal.  Therefore  I  think  manu- 
facturers in  general  feel  that  there  is  not  ver>'  much  gain  in  using  these 
small  coals  ;  and  it  would  be  a  great  pity  to  base  any  large  schemes  on 
the  use  of  coal  at  less  than  about  6s.  a  ton,  or  probably  7s.  a  ton  as 
prices  go  at  present. 

I  was  greatly  interested  in  the  remarks  made  by  Mr.  Blount  on 
the  Mond  process,  to  which  I  have  given  much  attention.  As  a 
matter  of  fact,  Mr.  Blount  says  that  people  should  not  use  the  Mond 
process  for  raising  steam  ;  but,  if  I  am  not  mistaken,  that  is  the  ver\' 
point  which  Dr.  Mond  is  working  on  at  present.  He  is  using  it  for 
raising  steam,  and  the  figures  which  were  given  in  Mr.  Humphrey's 
paper  were  undoubtedly  very  favourable  as  to  the  prospects  of  using 
the  method  for  this  purpose.  There  is  no  doubt  that  we  cannot 
generally  rely  on  recovering  the  amount  of  ammonia  quoted  in  Mr. 
Humphrey's  paper  at  the  Institution  of  Civil  Engineers,  but  I  think 
that  the  whole  method  is  ver>'  well  worthy  of  consideration,  quite 
apart  from  the  question  of  recovery.  There  is  no  doubt  that  the 
advantage  are  very  great 
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The  PtumiDitKT  aiifiOQOOed  that  tbe  scnitioccr^  reported  the  follow- 

■ 

4  camlidalr»  to  Imve  been  duly  elected  i— 

■ 

^^^y                                        Memhen. 

■ 

^Smk  Hiildeiu                            1 

Professor   Magnus   Maclean, 

J 

^^^^                                  Asto(mt€  Memhety, 

4 

\oim  Sonnuci  Ancfrewjc. 

miHam  Cranswick  Laidlcr* 

J 

^  ^' 

WilJiam  BramJey  Reclgrnvc. 

J 

^J^^^                                .jie  tiet\ 

David  Evan  Roberta. 

■ 

^^^Btr 

Sidney  John  Ro^s. 

■ 

HSr 

Ht  nn'  Turner. 

■ 

^HlVn*                 u  liorvnaiU* 

Arthur  Jame^  Walker, 

■ 

^1                                                  Jsjor 

mtn* 

■ 

^■^ri                    <  radley. 

Jame^  Hunter  Gray.                      - 

M 

^^Bci   ' 

Frederick  Thomas  Hall               ■ 

^M 

^^^KbrnMcnry  Coiringham. 

William  Archbold  Harlly. 

V 

^^^H^HT.  1.  Crampton. 

Charks  A  \  txande  r  H  end  erso  n . 

^ 

^^^Bi  Edmafd  Cnthbcrtson. 

Rcgi  naJd  Ar  cb  i  bald  A  nderson 

^^^C  Discon. 

Hooper. 

HGcorge  E.  Etliri{*er. 

Walter  Jcnkinsi. 

^BEoq  Eiinsc 

Duncan  McDougall 

H  Robert  Fofildft* 

David  Eaidlcy  McLaren. 

BHiBklGrmy. 

Frederick  Stanley  Raiisome, 

^^^^                                Arthtir  Jan: 

jcs  Walter. 

^^B 

ifiis. 

^^HL  BcQiky. 

Ci  Lakin-Smith, 

^^^■bit  Browsi. 

WiJUam  Upsall  Lonnon, 

^^Ky  H&btji  CrockfofcL 

Hernard       dc       Mounteney 

^^^Herick  A.  Fmzer. 

Mertcns* 

^^KuOdfilths* 

Thomas  Normoyle, 

^rT^maft  Ptedcride  Grigi;^. 

Francis  Ernest  Pring- 

■  E.W.  H8fTt& 

Fcrcival  James  Robin ^n. 

H  Artluv  St^hen^  KcrlHirt. 

Henry  Mitchell  Upton, 

^H^&Nmrd  Hntcfatnsacu 

John  Walker- Hanna* 

^H  Waiiifii  Httnton. 

Theodore  H.  Walcrmeyer. 

^m                               H^nry  Efikinc 

Newton  Wood. 

B 

- 
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The  Three  Hoodred  and  ThirtT-Sementli  Ordinary  Genital 
Maetmg  of  the  In^itiition  was  held  at  the  Institiitlon  of 
Chpfl  Eagioeers,  25,  Great  George  Street,  Westminster, 
on  Thvsda^r,  December  7th,  18^9 — Pt^essor  SlLVAXUS 
P,  THOlfPSOX^  F.RS,,  President^  in  the  Chair, 

The  nmiiJtes  of  the  Ordinary  General  Meeting  held  on 
Xovember  23rd,  1899,  were  read  and  approved. 

The  names  ol  new  candidate  for  election  into  the 
iMtftutJOn  were  announced  and  ordered  to  be  suspended. 

The  following  transfer  was  announced  as  having  t^een 
approved  by  the  Council : — 

Richard  UukL 

Mr-  W.  P*  Whitehead  and  Mr.  C.  S.  Thomson  were 
appointed  scrutineers  for  the  ballot* 

Donations  to  the  Libran^  were  announced  as  having 
been  rcrceived  from  Mr.  J,  McDonnell  and  Mn  P.  Dawson, 
Member. 

The  PresIDEKT:  It  is  suggested  to  me  that  I  should 
mention  that  a  meeting  is  to  be  held  on  Wednesday  night 
next,  in  the  Durham  College  of  Science,  in  Newcastle-on- 
Tyne,  for  the  purpose  of  organising  a  Local  Section  of  this 
Institution  for  the  north-eastern  cuuntiesi  practically  for  the 
counties  of  Northumberland  and  Durham.  The  memtjer- 
5*hip  in  th?it  part  has  organised  tlie  meeting,  at  which,  in 
accordance  with  our  Articles  of  Association,  a  petition  will 
be  prepared  to  be  signed  by  those  who  wish  to  constitute 
the  new  branch.  The  petition  will  then  be  presented  to  the 
Council  of  the  Institution  which  will,  if  it  approve,  proceed 
to  acknowledge  the  existence  of  that  local  centre.  I  have 
been  a^kcd  by  the  Council  to  go  down  to  Newcastle  on  the 
occasion.  The  Secretary  will  also  attend  officially,  and  we 
shall  be  glad  to  see  at  the  meeting  any  member  of  any  class 
of  tliis  Institution  who  may  be  able  to  l^e  present.  It  is 
tnoiit  desirable  that  it  should  be  as  widely  known  as  possible 
through  the  Institution  that  this  local  centre  h  being 
organised  in  the  north-eastern  counties. 
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IVc  will  HOW  resume  the  discussion  on  the  papers  by  Mr* 
ly  and  Mr.  Crompton,  but  !   will  first  call  upon  Mr. 
pton,  who  wishc!>  to  add  something  to  the  paper  he 
last  week. 


Ut,  It  E*  Cromptok  :  In  niv  papi-r;  I  tjavc  a  table  showliiiJ  aciual    ^^'      , 

remivts  o^^ui^  cheap  luei  imdtT  watcr-tybf  IVDilcrs,    CoJumt^  2  shows 

llv  Tr*)tah  actually  Dbt^yn^l  on  a  test  whicli  Wiis  carefuUt  carried  out 

tf  fjU%0iw  by  the  wdJ-known  Engine,  Boiler,  and  HmpUwcrs  Li;ihility 

lannAC^  Canipomy.  and  which  shciwcd  result:*  I  hat  wotdd  have  been 

pedii  tbctrlnd  not  he^in  passini^  through  the  lire  ^i  gre;it  excess  of 

m  wiucli  sa  dtluted  the  producb  of  combustion  tluit  25  per  cent,  of 

lit  ttmtv  in  the  calorific  value  of  the  fuel  went  up  the  chimney.     1 

•I  tf  thi%  could  be  pfcvcuted   by   some  such    mcanii  as    t 

in   my  paper,  the  heaiy   loss  {of   25   per  cent.)  might   be 

fKKsbljr  to  13  per  cent      Since  that  time,  by  my  witjhcs, 

1  wa^  oot  able  to  he  pres^ent  myself,  a  ver>'  careful  trial  has 

bcs  cuTted  out  at  Glasgow  with  the    Babcock  &  Wilcox  revolving 

^He  dcschbocl   by  me,  u^ng  the  ^m\c  cUh^  of  coaU  although  not 

^■It  kicniicat  with  tka  reterred  to  in  the  ^cond  column — 1  should 

'  tbe  cmi  wav  rather  worse,  having  a  calorific  value  of  only  to,ipo  to 

4«o  iautj(^-aitd  that   result,  tjbtained  by  this  te^t,  corroborates  my 

iprci  kn  the   thjrd    column   as  regards  the   heat  carried  off   in  the 

F^ixIbcU  %3i  combustion  stud  in  the  excess  of  air.    I  have  had  the  results 

my  awfully  prep^u-cd,  and  distributed  to*niglit  in  the  form  of  an 

tn  my  paper.    Thrse  figure*  show  that    practically  there 

ahoot  t^i  per  cent,  only  of  the  heat  units  cnrried  off  In  the 

^sr»,afict  ibis,  1  cltmk*  iustiilcH  the  ligtu'cs  in  my  third  column, 

g^ve  13  per  cent.     Bu!  it  will  be  seen  that  I  was  too  sanguine 

that  I   st>oukl  Ix'  able  to  reduce  the  lo'ises  three  and  four 

nv  tatile  which  in  my  fifth  cohnnn   t  h:ive  got  as  Luw  as  about  (too 

X    tn  thH  U*t  OUvgow  trial  these  looses  came  to  1,400  units,  or  t  j 

crotp  instead  o(  the  5  per  cent,  1  catcnlated  on.    Although  this  is. 

%»  I  dci  not  at  jJI  despair  cif  getting  to  my  figures,  because  a  great  many 

*<  '^^    ^  recounted  (or  arc  due  to  the  units  used  in  evaporating 

*  V  of  water  contained  in  the  fuel  tu   this  trial;  and 

•»Tkct  uislii  tfial.  ibc  lv>tlcr  wa^  >ct  in  such  a  manner  tluit  the  nidiation 
^imt%  wgr»  eofi«idi.'ratvlc. 

JttH  iti  my  paper  1  received  a  comniuiiicjtlion 

frwi^  .tcrof  the   Leeds  station,  who  has  been 

m^iiMfy  9t  1 1  lit  I  Usui  g  e  X  t  remely  c  heap  f  uc  1  by  a  we  1 1  cont  ri  ved 

ktmcK.  I  \i.  —  .  -„  -  iLr  communication,  as  I  think  it  may  well  form  pari 
of  IW  dNCTmkm.  *'Th&  VceiU  lighting  ^^tation  started  m  May^  1893,  and 
kmt  ttmi  m  tlt«  end  of  that  year  the  fuel  used  was  slack,  coaling  7s.  per 
Im,  Uwm^thcm  immd  that  much  more  economical  results  were  obtained 
%lfkc  ur  iif  «litid^(a  local  name  far  the  line  du-^t  >  costing  only  Js. 
31  pff  Ion  deltrered,  and  thist  clas**  «>f  tuel  hus  been  used  exclusively 
■fl  ISm  hf^itffcti^  of  ihti  ytear,    !  '  <  it.  period,  however,  the  price  of 

^anfite  bift  been  gnMStutJly  ri^.i  l^  to  an  incrcaiiied  demand  lot  il 
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^witzettznd^  and  we  welcome  any  papers  like  these  which  give  us  Prof«wn 
•ctiial  figiirt;^.  ^"'''^ 

E  ihiofc  I  agree  with  pretty  well  alJ  the  remarkfi  that  Mr.  Crompton 
%a$  fiiadc  iti  his  paper  on  furnaces  in  ^^eneral,  and  I  hope  that  hfs  own 
Ptmiace  lias  a  great  future  before  it.  Our  old  theoretical  notions  are 
ajmiog  to  the  froot.  I  need  not  refer  to  the  notions  about  high 
speed,  high  pressure,  super- heating,  and  &tcam*jacketting.  Theoretical 
Etotioiis  as  firiit  published  arc  usually  incomplete,  and  it  is  not  until 
Ihcrc  are  attempts  to  carry  them  out  t>y  gotxl  practical  engineers  %vho 
bstvc  commonscnsc  that  everybody  gets  to  sec  what  a  lot  of  force  there 
isim  these  thermo-dynamic  notions. 

Boilers  in  general  have  been  spoken  of  ditrin;;  the  reading  of  the 

inper.   Well»  mapy  of  us  have  said  that  it  is  very  important  to  have  a  good 

bust  ion  chamber,  and  that  if  we  cannot  get  complete  combustion 

r wise,  then  we  ought  to  have  a  combustion  chamber  completely 

i  with  (irc-brick,     I  notice  that  in  one  of  Mr- Thornycroft's  latest 

its  he  proposes  to  use  a  fire-hrick  lined  combustion  chamber  wilti 

.  itcr*tube  tKiilers.     1  should  like  to  point  out  that  heating  surface 

-cli  is  really  not  a  verj-  important  thing  in  boilers.    More  important 

this  is  the  small ness  of   what   the  hydrauhc  engineer  calls  the 

...JraLdic  mean  depth  of  the  flues;  it  is  enormously  important  if  heat 

i*  to  be  given  from  gases  to  metal,  that  the  metal  should  be  scrubbed 

with    the   gases<      The   velocity  of  the  gases  in  the   flue  is  the  most 

importa.nt   thing.     From  experiments  that   have  been   very  carefnlly 

csincd  out»  it   is  quite  clear  that  when   the  average  velocity  in  the 

lltie  is  doubled,   twice    as   much   heat    is    given   to   the   metal,  and 

n   the  velocity  is  trebled,  three  times  t'l.^  heat  is  imparted   to  it. 

on  the  other  side  of  the  metal  the  water  has  to  take  up  the  heat 

trom  the  flue.     Very  httic  attention  is  really  paid  to  this  questioix. 

!n  ihc  old  days  of  low  pressures,  steam  had  small  density  :  a  pound  oi 

evrnpomtion  niomt  a  great  volume.     The  result  was  that  there  was  a 

great  commotion  of  the  water,  and  a  great  deal  of  circulation,  which 

way  tic  termed  natural  circulation.     In  these  days  of  high  pressures 

the  fkteam  is  very  dense  and  there  is  nothing  like  the  same  commotion 

(5f  water  per  pound  of  evaporation,  and  1  think  we  sire  all  coming  round 

'  c  idea  that  we  must  have  mechanical  stirring  of  the  w^ater  of  a 

!.      Much  of  the  increase  of  economy  in  recent  boilers  that  is 

:  f>ed  to  other  things  is  really  due  to  the  fact  that  those  other  things 

!  ice  more  commotion  of  the  water  and  a  better  scrubbing  of  the 

li  surface, 

f  ticre  is  another  point  to  which  sufficient  attention  is  not  paid,  and 
that  i*»  the  fact  that  in  modem  boilers  for  condensing  engines  the  water 
in  the  boiler  is  airless  water.  A  jjreat  chemist  told  me  some  little  time 
ago  that  airless  water  cannot  be  boiled.  Doubtless  there  is  great 
dii^uliy  ifi  heatmg  airless  water,  and  still  more  difficulty  in  boiling  it. 
But  it  can  be  twiled,  and  we  know  that  it  is  boiled  regularly.  This  is 
the  rca^ti  why  there  is  so  much  troubk  sometimes  with  ordinary 
cyhodriail  marine  boilers,  and  I  think  one  of  the  great  merits  of 
Tte^rnycrofl  was  m  his  seeing  that  not  only  innst  there  be  a  rapvd 
tiofi  and  ^cruhb'mg  action  of  the  u'ak^r  on  the  metal,  but  a 
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Prdfc^eor       gurgUug  MTrubbing  action,  such  as  we  have  in  bis  water -tube  boileri. 

^^^'*  However,  I  have  published  elsewhere   my  notions  about  boilers  in 

general,  and  I  should  like  to  speak  of  some  of  the  figures  of  the  paperi« 
Mr,  Hollidny  has  compared  in  his  paper  the  costs  of  evaporating  with 
two  kinds  of  fuel,  bought  at  3s.  6d,  and  145. 6d,  per  ton  respectively^  giving 
both  the  cost  of  the  coal  alone  and  the  total  cost  of  evaporating  1,000 
^.illuns  of  wviler.  Mr.  Crumplon  has  seen  that  it  iiv  very  nnporlant  to 
consider  the  load  factor,  and  he  has  taken  two  common  load  factors^ 
and  ha^^  based  Iiis  calculations  un  these.  Mr.  HoUiday  has  employed  » 
very  bigh  load  factor,  and  I  liave  endeavoured  to  utilise  the  figures  he 
has  given  us,  in  making  calculations  concerning  many  other  load  factor? 
than  his.  The  method  of  calculation  that  I  have  adopted  is  com- 
niutjicaled  as  an  addendum  to  my  remarks  in  the  discussion.  1  should 
like  to  make  a  comparison  between  the  numbers  I  have  w^orked  out 
and  those  published  by  Mr.  Crompton,  bnt  unfortunately  his  co^t^ 
are  not  the  total  costs  that  Mr,  Ho  Hi  day  is  speaking  of.  He  takc^ 
the  cost  of  coal  and  the  working  expenses,  but  I  have  accepted  Mr, 
Holliday's  conditions  and  have  included  the  cost  of  maintenance  and 
insurance,  rates  and  taxes,  and  rent,  and  have  taken  the  price  of  coiiJ 
under  Mr.  HoUiday's  conditions.  There  is  only  one  point  on  which  1  can 
make  a  comparison  with  Mr.  C  romp  Ion,  and  I  am  sorry  to  say  that  here 
my  figures  do  not  quite  agrte  with  his,  and  1  was  tempted  not  to  take 
part  in  this  discussion  on  accotirit  of  my  difference  from  such  a  praciit^l 
authority  as  Mr.  Crompton.  1  might  as  well  point  otil  what  the  differ* 
ence  is.  You  will  see  in  tlic  table  on  the  last  page  of  Mr.  Cromptrm  ^ 
paper  certain  figures  which  will  enable  yon  at  once  to  calculate  for 
the  four  cases  the  number  of  pounds  of  coal  per  unit  used  by  hmi. 
With  the  17s*  5d.  coal,  the  dear  coal*  with  iH  per  cent,  load  factor  — 
I  take  one  of  his  load  factors  as  18  per  cent,  and  the  other  33  per  cenL 
^I  find  he  takes  5'23  lbs.  of  coal  per  unit  in  the  first  case  and  5"24  lbs. 
in  the  second  case  ;  and  for  the  cheap  coal,  the  5s,  4d.  coal,  it  is  5*14  lb^. 
of  coal  in  the  tkst  case  and  5-17  in  the  second.  My  formula  gives 
6*57  in  the  first  case  and  4"48  in  the  second,  with  10  and  6 '85  respec- 
tively for  the  cheap  coaL  I  think  Mr.  Crompton's  numbers  arc  too 
nearly  equal,  but  one  must  not  criticise  figures  obtained  in  actual 
practice  at  Chelmsford.  I  think,  however,  that  my  figures  probably 
represent  tlje  more  usual  results  obtained  at  a  good  central  station. 
Mr.  Crompton  has  promised  to  check  my  figures,  and  we  will  go  into 
the  thing,  and  possibly  I  may  t>e  allowed  to  correct  these  figures  after 
Mr.  Crompton  ha.n  gone  over  them.  [It  is  easy  to  sec  why,  assuming 
Mr.  Crompion's  station  to  work  24  hours  a  day^  I  found  his  load  factors 
to  be  18  and  33  per  cent.  In  truth p  it  was  a  workshop- power-station, 
working  in  every  case  upon  a  load  factor  of  more  than  60  per  cent.,  and 
hence  there  is  no  obvious  disagreement  between  our  figures.] 

In  the  annexed  table  are  given  the  results  which  I  have  obtained 
by  taking  the  data  given  in  Mr.  HoHiday's  paper.  The  prices  of  coal 
here  arc  given  under  Mr.  Hoiliday's  conditions.  For  the  load  factoi 
of  lo  per  cenl.»  wc  see  that  the  cost  per  electric  unit  with  the  cheap 
coal  is  2"5d.H  and  with  the  more  expensive  coals  it  was  2*^^,  ^'40, 
Ji'jj,  2^2/ f  and  2*2^.    That  is,  wc  have  W\^  cost  of  the  unit,  so  far  as 
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Professor       evaporation  is  concerned  (this  is  only  the  cost  of  evaporation),  diminish- 
^**'^'  ing  as  the  price  of  the  coal  increases.    Again  taking  the  load  factor  of 

15  per  cent.,  common  in  many  electric  lighting  stations,  we  find  that  it 
seems  to  make  very  little  difference  indeed  whether  you  use  cheap  coal 
or  a  very  expensive  coal';  whereas  if  you  have  a  higher  load  factor,  say 
20  or  40  per  cent.,  it  is  more  costly  to  use  more  expensive  coal.  Still 
more  is  it  so  when  you  have  as  high  a  load  factor  as  70  per  cent. 

[Communicated]  Method  of  Calculation*. — If  we  plot  from  Mr. 
Holliday's  forced  draught  trials,  E  the  average  evaporation  in  pounds 
per  hour  each  month,  and  C  the  coal  in  pounds  per  hour,  we  find 
that  the  points  lie  very  exactly  in  a  straight  line  and  satisfy  the  rule 

E  =  6*3  C  —  207. 
There  is  much  less  consistency  in  the  natural  draught  results.    But 
in  the  spare  boiler  trials  there  is  a  wonderful  consistency,  although 
their  load  factors  were  small  compared  with  the  others ;   for  these 
we  may  take  as  verv  true  the  rule 

E  =  6C. 
I  cannot  understand  how  these  spare  boilers  can  be  so  uneconomical 
with  coal  costing  nearly  three  times  the  forced  draught  coal.     I  shall 
use  only  his  forced  and  natural  draught  results.     I  find  that  i  lb. 
of  his  steam   represents   1*055  standard  units  of  evaporation.      His 
forced  and  natural  draught  trials  were  all  at  high  load  factors.    If  I 
am  to  use  his  results  for  various  load  factors,  large  and  small,  con-   j 
sidering  the  usual  results  obtained  in  electric  light  central  stations,  I    '■ 
think  it  safe  to  say  that  the  following  rule  is  fairly  consistent  with   ; 
Mr.  Holliday's  results  and  our  general  knowledge  :  if  £  is  evaporation   1 
in  pounds  (standard,  that  is  at  and  from  212**  F.)  per   hour,  and  C  \ 
means  pounds  of  coal  per  hour,  the  coal  costing  c  shillings  per  ton  at 
Mr.  Holliday's  place, 

£  =  (5-38  +  0-31  c)C (I) 

I  need  hardly  say  that  this  formula,  deduced  from  Mr.  Holliday's  use 
of  3s.  6d.  and  14s.  6d.  coal,  must  not  be  applied  much  outside  his 
limits,  and  indeed  it  must  not  be  put  to  a  more  exact  use  than  the 
following  rough  generalisiition. 

In  a  small  electric  light  installation,  and  especially  if  there  are  only 
two  boiler  shifts  of  men,  the  following  rule  as  to  cost  must  be  wrong. 
Nor  can  any  rule  be  easily  given  for  such  a  case.  If  we  carefully 
consider  the  conditions  of  a  well-ananged  central  station  with  three 
eight-hour  shifts  of  men  seven  days  a  week,  as  the  station  is  larger 
and  larger  it  is  more  and  more  nearly  true  that  such  part  of  the 
working  expenses  as  alter  with  the  load  ought  to  be  proportional 
to  the  load.  Common  sense  tells  us  that  we  ought  to  have  some  such 
law  as  ■  - 

Cost  per  month  =  <j  -}-  (a  -f  /5c)  C\ 
it  C  tons  of  coal  are  burnt  per  month,  c  being  the  cost  of  a  ton  of 
coal  and  a  being  proportional  to  the  first  cost  of  the  boiler  plant,  a  and 
fi  being  constants.  This  seems  to  be  borne  out  by  the  forced  draught 
trials,  for  if  working  cost  per  month  and  coals  be  plotted  we  find  points 
Jvjn^  very  well  in  a  straight  line.  In  the  natural  draught  trials  there  is 
no  i,jmplc  law,  and  this  ib  accoun\.cd  lor  V>\  iVvc  fact  that  the  workiiig  ' 
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cost  is  oot  great  to  comparison  with  the  other  costs.    On  the  whole,  Profe^Ktr 
howevier.  it  will  be  found  that  all  the  re^ult^  of  forced  and  natural  ^"^ 
draught  tfials  agree  very  dosely  \\ith  the  rule^ 

ToiaJ  co^t  in  shillings  of  evapora- 1  _      t      .^   ,    2*4  .  . 

tjon  per  ton  of  coals  used    ...  1    -  *^  +  i*^  +  j  -  -  -  -      t^) 

where /is  the  load  factor.  In  any  reasoning  upon  this  subject  the  forni 
di  [2)  is  imporLint  because  it  ijidicatcs  that  much  ot  the  cos^t  of  boiler 
pUuit  h  pro  portion  ai,  not  to  tbc  greatest  evaporation  expected,  but 
t>itht?r  to  the  greatest  amount  of  coal  we  expect  to  burn. 

This  idea  is  clearly  indicated  in   the   figures  of    Mr,    HoUiday*s 

;  Ahic  V*     Consider  two  plants  with  the  i^ame  load  factor,  say  60  per 

at,  both  capable  of  evaporating  a  maximum  amount  of  1,667  ijallons 

in  any   particular  time  ;   we   shall  find  if  we  divide  up  t!ie  costs  of 

IMv  V.  that  we  have 


\ 

COSIS  IS  Pehca. 

COST  or  COAt  fHH  T«W. 

Maliikimnire, 

interest,  and 

depreci^tjoru  reot, 

taxfii,  rate^ 

14*.  5W. 

4^  m* 

37'S 

119 
307 

I3"4 
ITS 

.:.  the  numbers, in  the  fourth  column  had  been  equal,  it  would  have 
dicated  that   the  coit  of  the  boiler  plant  u^s  proportional  to  the 

.:aimum  evaporation  expected ;  wliereas  wc  see  tliat  they  aie  in  the 

ay  of  being  proportional  to  the  maximum  amount  of  coal  expected  to 

■e  burnt 

I  dwell  upon  thisimatter  because  it  is  nol  difficult  to  show  that  if  a 
:h>^uinti*^l   part   of  the  fixed  expense   which  is  independent  of  load 

ijtur  is  proportional  to  the  maximum  weight  of  coal  which  may  be 
•  rrit.  then  with  almost  any  conditions  of  price  per  ton  and  evaporative 
.'w^t  S4jch  as  1  state  in  (i).  my  conclusion  is  a  very  general  and  rather 
n^^vrtjirit  conclusion.  It  follows  from  (i)  and  {2)  that  to  evaporate 
Alt  gallons  of  u-atcr  from  and  at  212''  V.  costs  in  shiUings 
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I  +  *o58  c 
AIjio  it  b  evident  that 

Cost  of  coal 


Total  cost  of  evaporation 


ro6  +  c  +  ^^i 


0) 


{4} 


The  foUowsng  nambers  do  not  show  a  particularly  good  economy 
m  the  o^cies  and  dynamos  and  distribution  system  of  an  ekclric 
^uppty  compAoyy  hnt  k  IS  iiie//  known  thMt  they  are  not  unusual .— 
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I  rx'.A  (^n*^^  Evaporation  in  standard 

Load  factor.  ^^^^  ^  electrical  unit  sold. 

•I8  71 

lOO  30 

\Vc  may  then  take  for  any  other  load  factor  /, 

Pounds  of  evaporation  per  ^  _         i  9  (c) 

unit  of  energy  sold  ... )    ~"         '  /  »  ^ 

and  pounds  of  coal  per  unit  )  _    .  7/  (f^) 

of  energ}'  sold        ...  ^  ""  ^  ^  r-|-~o-0587  '  '  *  ' 

and  hence  from  (^) — 

Total  cost  of  cvapora-  ^  (,  -06  +  c  +  ^)  (i  -h  -^ ) 

tion  in  pence  per  f  5-  i- _  JL   f  ^^        1  *'  .  . 

unit  of  electrical  \  501+  o*o5«  ^ 

cnerg>*  sold       ...  ^ 

The  table  given  above  has  been  calculated  from  this. 

It  is  easy  to  see  that  whatever  be  the  law  connecting  evaporation 
and  electrical  units,  for  any  given  value  of  the  power  factor 

106  +  "'/  +  t- 
A-  X  -      -  -    -   - 

Hence  if  106  +  "" "*  =  174  or/  =  146.  then  A'  is  independent  of  the 
cost  of  coal  per  ton. 

If  106  +  '  1  >  17-4  or  /  less  than  '146,  then  A'  gets  less  as  more 
e.xpcnsive  c(nU  is  used. 

It"  ro6  -f  "  "*  <  17*4  or  /  is  greater  than  '146,  then  A'  gets  greater  as 

more  expensive  coal  is  used. 

Mr.  J.  X.  Shoolbrkd  :  We  must  all  be  very  thankful  to  Mr. 
Holliday  for  the  array  of  facts  which  he  has  brought  before  us,  but  the 
circumstances  under  which  the  conditions  have  been  arrived  at  should 
be  noted.  He  lias  a  large  slack  of  boilers  running  the  whole  w*eck,  and, 
practically,  with  a  mill-load,  differing  ver^-  considerably  from  the  load 
which  we  at  present  have  in  electric  light  stations.  The  result  is  that 
he  is  working  under  almost  ideal  conditions,  such  as  we  cannot  yet 
hi^pe  to  arrive  at. 

I  think  it  will  generally  K*  found  that  forced  draught  in  circum- 
stances which  are  of  a  much  more  intermittent  character  than  those 
which  have  been  mentioned  by  Mr.  Holliday,  is  not  as  successful  as  the 
author's  results  would  show.  The  principle  of  forced  draught,  in  itself, 
is  hardly  answerable  for  that,  because  the  conditions  in  which  it  is 
used  are  those  entailing  intermittent  action  and  very  considerable 
variation  in  tlie  temperature  ot  the  pipes.  However,  the  fact  remains 
ih.il  in  the  majority  of  circumstances  where  forced  draught  is  at  present 
introduced  tor  electric  lighting  stations,  the  conditions  are  not  so  ideal 
or  so  beneficial  as  Mr.  HoUiday  would  show. 

W'lih  regard  to  the  difference  of  the  cost  of  fuels,  Mr.  Holliday 
points  out  thiU  the  cheaper  l[uc\> — uov  lYv^  vtrv  chea^  fuels,  but  the 
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f'3elv«svc  acttaUv  more  economical  to  u-a^  than  the  biL'h-cla^s   Mr. 


\  vc  HOW  V*  widely  used  ;  and  Mr.  Dickinson  s  interesting 
,,;;3rrv  ixat  Iwive  just  been  read  seem  to  confirm  this.     Mr«  Dickinson 
T^aks  ofstiudgc  and  oi  slack    The  ^lack  in  itself  which  he  speaks  of 
J  lOO-HUKl  1  bSkVe  experience  in  the  neighbourhood  of  Leeds  of 
.  cry  class  of  ilicit— is  rcalJy  coal :  which,  though  small  in  itself 
^^  cofUfAialivdy  cheaf),  ba^  a  relatively  high  calorttic  vahie.     He 
'dfs%  to  Ibe  smndgc  where  it  descends  into  a  ver>'  inferior  quahty  of 
c4l,a»  Dot  giving  Ibe  ^me  satisfactory  re^sult^.    My  own  estperience 
i  MgQodamny  years^aod  ^ith  different  qualities  of  coaJ,  quite  coincides 
idi  that  sUlemetil ;  mod  I  believe  that  it  is  possible  to  push  economy 
too  jir.    B^  ftesliag  contented  with  a  coal  gi%ing  really  fair  calorific 
foniU,  liie  liave  made  considerable  economy.    The  reason  why  these 
kv-priocid  OOAb  are  really  more  economical  h  that«  at  the  present  time, 
lit  eyoiiSc  mloc  of  these  coals  does  nol  decrease:  in  the  same  pro- 
ts  does  Ihw  market  value. 
£xdiidaig  London  and  other  districts  remote  from  the  coal- bearing 
that  cosd  the  mte  for  which  is  about  the  middle  of  the  range  of 
vkrt  prices  tirtiduc<C!»  a  calorilic  value  which  probably  is  75  per  cent. 
4  ikit  ci  the  lK*«t  ccai,  and  the  results  obtained  in  using  such  a  coal 
xc,  BUBntiy,  econoniicaL    With  regard  to  the  cheaper  qualities  of 
'vadife;*  and  the  more   inferior  fuelt  biee/e,  which  Mr.   Holliday 
f^ien  to,  tt  i%  doc  largely  to  the  great  proportioiH*^!  inconibustjhlc 
«Bef,  and  to  the  very  vari;iblc  quality  of  thi?^  calorific  vaUie,  that  the*ve 
te^lvala»  espociaJly  if  assi^led  with  forced  draught,  do  not  give  the 
^titiwtinrw  rcsulU  that  are  obtained  wMth  the  middle-class  coaL     I 
•if  fai9€   bc«n   itnfortunale   in    the  results  which  1  have  personal]  v 
lal  with  **  hiemc '  i  but  1  find  tbat   many  others  arc   of  a  ^imilai 
^pBon.    Kamcly.  titat  the  economy^  supposed  to  result  from  Ihe  use 
If  thoe  cheap  fuels,  and  parliculariy  with  brcexe,  is  nol  in  favour  of 
"^  ;  Imi  rather  of  the  gas  people  wlio  wisli  to  pahn  oti' 

i  *"  « ahBOH ««Tlhl«ts  article.    To  get  rid  of  it  they  are  willing  to  sacrifice 

I         I     -^crtherdepaitnicfil  ttiat  \\n>  the  utiforttmiile  duty  of  raising  steam  for 
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With  Tcf^srd  to  Ihe  qye*tiou  of  mechanical  stokci^»  it  appears  lo  mc 

^ri  descend  loo  low  in  the  sole  <md  use  too  clieap  a  fuel ;  so 

M      .'^^  4 1  idi,  thou^  you  can  u*»e  il  %vith  hand>riring«  you  are  bounds  in 

B  a^ ca»o» hi  lake  abetter  and  more  expensive  coal  for  stokers  that 

W  tn  m^pmcd  to  be  able  to  burn  anything. 

I  Mr.  H.  L.  P.  Boot  :  We  arc  all  indebted  to  the  authors  for  bringing 
"«  iiwrtaflt  milter  before  us,  and  I  have  long  regretted  the  fact  thul 
I  '^ai  a^ghMWra»cSo  not  tn^e  public  the  actual  results  nbtained  by 
I  ^^me  0l  different  foels.  Ponimatcl%%  I  have  been  allowed  to  experi- 
L  ^=ai  with  a  ntimber  of  different  classes  of  fuel,  bat  owing  to  the 
m  ^Qpaphacal  position  of  the  town  in  which  the  experiments  were 
I  <»nad  cot  tbcy  rdate  principally  to  Welsh  fuel*  The  following  tigm  cs, 
I  temed  with  W«tah  coal,  represent  the  cost  of  the  fuel  onlv  per  umt 
I  ^  clactrjaqr  geowBltd  >^ 

I  KiBOQ*m  Kftv^fMloa       road*  per  unit. 

~    I  Ckws  Cp;»  Wtth  Xitts  and  Large    ...  (;6d. 

f    m.  szK  7 
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lliii.il  i  Mciiliyr  N'ut:^ 79d.  per  unit. 

Waviii."^     „           ,,        r2ci.        „ 

Uilh.  W.i-li  N'utr, (/xi. 

l\ikc  at  is^-  ii  t(»n  iwhicli  i>  Ihc  price 

\^A\A  ilti'u) 'Sygd. 

ISvllaW      '^94^-         M 

Uiv.ii  Wi'tiiii  Collicrv  Co.'s  coal       ...  Siod.        „ 


'I  iK-.M.'  iv^uli-^  wciv-  v»hiaiiu\l  iimlor  actual  workiuj^  conditions  with  an 
^  \'vi  \.v.ia.  LuU'i,  llu'  4i\ciajLlo  price  of  a  good  class  of  coal  in  that 
pai'.ivulai  iv'Wii  Iviiii;  MMUL'thing  like  -24>.  to  20s  per  ton. 

1 1  IN  i:;t,.-u'-lini;  u»  cvMup.uc  abo  the  relative  costs  of  using  inferior 
!'...■!  i.kI  a  Iviui  cla^N  I't  tuvl.  in  tlie  case  of  a  district  in  which  the  niil- 
\va\  laic  1^  ;vj:;!i.  h  Vol!  tik^"  iiito  accouut  the  freight,  which,  in  many 
I  1  .;.iiu;.>  I-  L\Mv\-a>  I'l.icii  a^  the  value  of  the  fuel,  you  will  see  at  once 
i':  ..  -.:  I-'  i::.v\->a'.v  [.»  b:::!i  V.w  very  be>t  class  of  fuel  possible,  so  as  not 
•  ■•,;*  :.'s'  "i  ,.<  ■'  a  :>i».\'^';L '.'.•: I  i-.^  t-.:e  raiUvay  coinpa:iies.  I  have  taken 
•-.^...  ^  ..  \v  •  e  ■  -ucr-^lv  lailvvay  vale.  '..::i:..>a'>ii:i  J.  stoking,  getting  rid  of 
.;",-.  i.-a  ■ .  ,  ^  ..IK.  i\  ..';::[.iy  •  e\.i.:::  e^.'. '  jr  boiier^i.  a:^.d  t:nd  that  when  using 
.,  :•...;  .,».'....!-;  s^-  ■*■'  '  "^^"  I*'*  ^  ^iio.::  *  •■:•-■  r-.Tal  jOs:  beir.g  i6<.  od.  per  ton. 
w.i.-vii  vw  t.i.'  -ai  coiiMvier  a  ba.-i  ^ia»  ,-\  I'jel'.  .i:ni  cor.ipari;3g  that  with 
:  !.  ;>^r.  ...i^«,  v-:  c.;^!.  x^'iiicli  \^'.uai  C'.>l  v.iiii  u>.  z^>.  per  ton  -  that  is  to 
-.■.\.  i.iv'iv;:!.;  i.-^  i  >i:n:ia;  .'iU-ay  ^>ii  bciie'>.  owing  to  the  higher 
■.  X, ■...•:  I.. i».:.  :.K'  -.a^i  \'\aI  \x><i  'lavv  ^OL  :o  deal  WTth  a  very-  small 
.■..^^..;..^.^^  .:  .l^■^.  .i:i.l  :iai  \t!\  .-[ieii  »iie  ^loker  can  do  the  work 
:i.L-iw.\v'  •  evi  ..liii^  two.  .i.jvi  als.'  '.:1a;  ".lie  .:-j>c  01  unloading  is  very  much 
a.. .,  -.1.  ;.».:\v.;y  ..I'.c"  X .11^.^  '/ic  .viiMv..  iie  :utai  Jitterence  working  under 
■.a.';s  v.Msaii.  .J.-.  i:.K»«.i;>  lo  iC^^^.!.  per  amt.  If  you  take  the  works 
,..■  .  ■:.  liu  io^vii  u.iuii  !   '. ».i-,*.>L!iL.  .'..id  -.ie'.iuct  the  difference  between 
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.;!v.  .•■j>L  ji  c-.-.ii  ;jer  unit  in  Leeds,  which 
i  -.md  tlieic  :>  a^  big  a  difference  in  the 
i.».;!-'ii  i  ."iii.  uoui  The  rotai  works  cost 
. '-^i  :■..-    ■  ;^i.  ;^e:    iniL   lere. 

■  :  .i  ■».■■..■■  A.i>  'I 'ajiied  -m  at  the  last 
.'   ^v    .o.\  ■^.;;t.>■.>  "I'.leed.  and  that  is  the 

•  '■  -i  V  '«-  ■  •'-.J^''-  '-.Hviuvi  lo  the  longer 
.  ..V  .....      .:;;.\i.e>  aiuavourabiy  with  coal 

■  "^'  ^'         '   -.^  :    1  ".le  -anie  -quality  when 

■  w     K\:iiK.    ■..;■.;     1. -^iN  -n  ■.)ne  month  that 

■>    ^.  '    -.1.    i    >  vaije.     I  also  earned 

'   '^      ^'    ji.'.ie-:  -.iie  same  conditions 

•-•    •'■•     ■    In    ■.i.  "ciiiai  vii.-ai  the  loss  was 

■  -  .1     -    .'  -.i\.   lad  it  been  burned 

^  ■    •      •''-     :i   ic^i     iiai  -^xtra  calorific 

"''---     .-  ;«.i'.ed    upon    is  the 

......  -^.-.L.    ■.a>    I'l  :he  cost  of 

*    ■   ^^'i>  can  :^peak  from 

.^..  ..:    ;ic  .asL  meeiing  that 

'■  .'-v.  -..    v..v:>  .\^  iiic  ijLcc  that,  if  a 
■ •*  >^--  i-rc^^nd  probably  drop 
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yoctr  prciKire.    Sf)CilUQg  Iroai  c^osiderabk  experience  on  thh  mMer,  Ut.  Boot. 
having  irery  bad  ivater  to  deal  with,  and  astng  tubular  boilers,  I  can  say 
that  ^udi  a  course  has  not  been  necessary  in  a  single  instance.    It  b 
iinlr  just  lo  mbotar   boijcr^    that  that  fact  should   be  known,  that 
iiUiot^!!  at  V  hurst,  ^unlcsis  it  is  a  very  bad  one  indeed^  there  is 

no  need  ml:  j  draw  your  fires  be/ore  the  boiler  can  be  spared. 

1  ni.  '-  lit  capable  of  gmng  on  %vorkii5g. 

Mr  Ht:  Not  a  few  electric  lighting  Nations  are  now  face  to   Mr  G«ip«L 

uct:  with  liic  difiiciUty  of  raising  niore  steam  than  tbc\^  can  well  pro- 

i,j,:#-  wtfh  M^rir  cxistnig  boilcri,     VVc  all,  as  cental  station  engineers, 

.  f    V.  I'M^jftant  a  bearing  this  qucs&tion  of  load  factor  has  on  the 

V    r,  .    h,  .i.  rn  riie  c<ial  used  per  unit  of  energ}^  supplied  to  the 

i :  .    .    I  L  ri:[  L'f  of  the  t>oikrs  described  by  Mr.  HoLliday  ii> 

'    till.]  factor  which  wc  have  never  in  our  catpcriencc 

.rMLL^U  to  come  acro^is  in  electric  lighting  at  any  rate. 

it  may  J*e  tliat  as  our  stations  partake  more  of  the  nature  of  power 

station   the  toad   factor   mil  be    more    comparable   with   what   .Mr, 

HoUiday  has  brought  before  us,  but  at  any  rate  at  present  %vc  have  got 

»^face  A  very  different  state  of  affairs.     Mr.  HolUday  says,  taking  this 

^  factor,  that  he  finds  Uie  cost  ol  fuel  i^  the  predominant  co^it  in  the 

ptKlticlioti  of  steam*    Some  of  the  speakers  in  this  discussion  have 

pointed  out  the  importance  of  other  factors  l>£stdes  the  question  of  coaL 

'      -V  has  a  table  which,  as  I   understand,  shows  the  ira- 

^  which  capital  outlay  has  upon  the  total  cost  of  producing 

<xtnc;d  energy.    The  number  of  boilers  ivhich  have  to  be  put  dovvn 

nri>ducc  the  ^tcara  required  has  also  an  important  bearing  on  the 

un  of  capital  cost,  and  therefore  it  cannot  be  passed  over.    These 

i^it.r*  th^t  we  arc  now  discussing  are  using  forced  draught,  and  have, 

r,  i  calculate  (although  it  is  not  given  in  the  paper),  about  850  square 

iL'A  oi  healing  surface  on  the  average  for  each  boiler,  and  gave  only 

y:  l^v  of  water  evaporated  per  pound  of  coal.  With  forced  draught  we 

'  jfee  to  four  times  that  quantity  of  coal,  and  what  does  that  mean  ? 

it  3k  good  boiler  will  co^t  three  to  four   times   less,  if   properly 

ilcd  and  properly  worked,  than  the  boilers  w^hicb  are  working  at 

prc^^nt  rate*     Then  m  the  cjisc  of    hand-w'orked   boilers   Mr. 

liGtUday  has  only  an  evaporation  of  4  to  4I  lbs,  per  square  foot,  and  it 

:  inrprising  tbat  he  should  make  the  remark  that  he  finds  better 

Ittiiitt^as  he  gets  more  w*ork  for  his  boilers  to  do.     We  want  to  force 

r  boilery  over  the  peaks  of  the  loiid,     Mr.  Ferranti  has  hit  the  nail  on 

[tbe  head  wijcn  he  ^ys  what  we  w^nt  is  plenty  of  steam  so  that  we  can 

I  of  our  boilers  as  a  spare  over  the  heavy  load,  and  so  that  we 

I  kcc^  them  dean.     Mr*  Boot  has  very  rightly  referred  to  tlie  effect 

itMtiinenl  on  the  efticiency  of  the  boilers, and  it  is  for  this  reason  that 

lb  310  tmportant  to  have  sp^irc  boiler  power,  so  that  the  boikTs  may  be 

llr.  Holliday  hiis  not  had  the  difficulty,  which  we,  as  electrical 

,  hjivc  to  face,  of  raising  steam  ever)"  day^  probably  for  two  or 

booTK  from  the  majority  of  boilers.    That  we  know  is  a  very 

n%  diSculty.  and  tt  i^  just  there  where  the  Babcock  &  Wilcox^  or 

'  WAtcr-tiibe  boilers,  come  in.    It  m^y  be  th^t  the  water-tube  boilet 

^ki»  eti&caesi  milt  s&me  c/msscs  0/  cosJ  if^-oa  take  it  for  a  twenty-lour 
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hotif^  load  when;  the  question  of  raistng  steam  is  nolcMie  of  importance. 
But  wti^re  rou  have  to  produce  steam  for  tiro  or  three  boors*  use,  this 
question  of  steam-raisiog  is  most  important. 

It  has  been  acttnowledged,  as  is  well  known,  thai  Lancashire  boikri 
are  very  costly  and  wastef  ttl  in  ttiis  respect  Mr.  Moimtaiii  in  his  paper 
{I  l^nk  It  was  before  the  Northern  Society  some  yeai^  ago)  stale:s  that 
for  honrs  after  steam  has  been  raised  the  txnler  is  cold  at  the  bottom^ 
showing  that  the  w^ter  has  noC  attained  to  the  proper  evaporating  point 
throughout  the  boiler.  Professor  Penj  pointed  out  the  importance  in 
lisgb*pte^nre  working  of  the  isater  bdng  thorooghly  and  regularly 
healed  throughout  the  botler*  and  to  ensure  that  he  suggested  me- 
chanical circulation,  I  am  quite  sure  that  thb  woiikl  have  very  beneticial 
revolts,  but  there  is  another  and  very  simple  means,  w^hicb   my  firm 


Fill.  A.— Boiler  with  Ctncubling  RIK 


uses,  in  ;ictu;il  practice,  lo  obtain  the  same  result.  By  attachinf;  to  !hc 
boltoin  ol  the  Ihie  of  the  Lancashire  boiler  a  thick  rib  of  iron  (Fig,  A) 
we  induce  :x  circutatioii  by  means  of  the  thermal  conductivity  of  the 
iron*  It  is  well  known  that  water  alone  will  not  tninsmit  heat  dow^n- 
w*ards  c^ccept  nt  a  veni'  lo%v  mtc.  But  by  attaching  the  iron  rib  under- 
neath the  tirt%  and  nndcmc;ilh  the  flue,  the  heat  is  carried  down  to  Hw 
bottom  and  canses  the  healing  of  the  water  there,  thus  inducing  a  cir- 
cuUlion  in  the  thrtctiou  sJiown  by  the  arrows  in  the  figure.  This  muV 
appear  tu  he  a  somewhat  theoretical  proposal,  but  the  curve  in  Fig.  B 
shows  the  .ictual  result  ot  applying  this  system.  The  curve  is  certainly 
taken  from  lat^oratory  test^,  but  1  msh  you  clearly  to  miderstand  that 
we  have  found  the  tests  to  be  quite  borne  out  in  practice.  The  curve 
is  drawn  from  a  lest  made  without  the  rib,  simply  taking  the  bottom  of 
the  boiler  and  heating  the  water  downwards,  and  show&  the  rising  tem- 
peratitrc  at  intervals  tif  one  minute,  or  of  live  minutes.  Without  the 
rib  th^s  fempefjfure  ri!>e^  4it  lh<5  boUom  o!  \5\e  ^-ater  in  twenty-fi\'Cl 
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miiicities  by  sonicthing  like  2$""  F.  Then  having  exactly  the  same  con- 
drttODS  in  t'v^ry  w^y,  exct-pt  that  a  rib  of  iron  is  put  at  the  bottom  of 
the  water,  an  increase  of  temperatQic  of  tis^  F,  is  found  in  the  same 
pmod*  which  is  about  four  or  five  times  the  increase  of  temperature 
obtained  without  the  rib.  The  arrangement  is  very  simply  applied, 
as  It  is  simply  a  "T"  iron  riveted  on  the  bottom  of  the  boiler.  You 
cat!  mjtkc  it  a%  «hort  as  you  like  to  facilitate  cleau'^ing,  but  ance  start 
ihc  circulation  in  the  bottom  of  the  boiler  and  it  is  exiraordiiiary  how 
tl  drmws  the  water  to  it. 


Mr.  GeTpelt 
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In  spcakiiij^of  inferior  fuels,  I  may  mention  that  we  have  recenUy 

!■  nee  with  the  u»^e  of  Inferior  fuel  as  compared  with  good 

S3mt*  town,  viz*,  Chatham^  where  we  have  two  illations  run- 

.  ,     hr  :ti:4  a  very  smalt  one  and  using  inferior  coal  with  forced 

'  ^.T   riM.  ■  ;ii::r  b^ing  a  large  station  using  a  better  coal  on  account 

:  smoke  difficulty.     Here  we  confirm  very  much  what  Mr,  Boot 

tatcd ;    we    have   075  of  the  cost  per    unit  with   inferior  coal 

igaitiiii  about  double  that  cost  wth  the  Welsh  coal 

ily.  Crompton  lias  spoken  of  the  difficulty  of  coking  stokers.    \ 
^rt  mih  Mr.  Crompton  enhrely  tlmt  coking  stokers  are  not  littitcd  ioT 
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C^ptL  M  coai  owing  to  the  difficulty  of  keeping  the  grate  properly  cohered 
Mid  free  from  air  spaces.  But  that  diSictUty  I  have  never  seen  jet 
wttli  a  properly  arranged  spreading  stoker.  With  spreading  stokers 
the  fire  is  fairly  level  throagbout,  ajid  the  clinker,  whicli  Mr. 
Crompton  referred  to  as  being  a  difficulty,  is  very  much  reduced  as 
compared  with  what  one  has  in  hand-firing :  what  clinker  there  h  is 
passed  over  the  end  of  the  fire-bars,  and  there  is  very  little  trouble 
indeed  with  this  form  of  stoking.  There  arc  various  kinds  of  spreading 
stoker ;  those  I  have  seen  mostly  in  use  being  Bennis  stokers, 

I  quite  agree  with  Mn  Crompton  that  it  is  most  important  that  the 
proper  proportion  of  heating  surface  and  grate  area  should  be  arranged 
according  to  the  fuel,  draught,  and  other  circumstances,  but  I  do  not 
quite  agree  with  the  s>-stcm  of  putting  the  coal  outside  the  boiler. 
Where^-er  you  have  heat  you  are  bound  to  have  conduction  and  radi;s- 
tsoti,  and  if  you  can  get  your  furnace  surrounded  by  water  it  is  very 
much  better.  1  have  lately  had  an  opportunity  of  seeing  how  they 
tackled  this  question  at  Fraakfort.  They  had  a  large  tubular  boiler 
much  like  a  Cornish  boiler,  but  the  furnace  itself  was  enormously 
increased  in  size  by  a  particular  arrangement  of  the  boiler  which  kept 
the  whole  of  the  fire  inside  of  the  boiler  and  surrounded  by  water. 

In  conclusion,  I  would  point  out  an  interesting  coincidence  in 
Table  V.  at  the  end  of  Mr,  HolHday's  paper.  Depreciatioii  is  calculated 
at  5  per  cent  per  annum  on  the  cost  of  the  boiler.  The  amount  stt 
aside  forms  5  per  cent  of  the  totaJ  yearly  working  costs,  and  that 
amounts  to  5d.  per  thousand  gallons. 
,L»wmn.  Mr,  A.  J.  L.ti^'sox  :  I  think  that  wc  are  all  indebted  to  Mr, 
Crompton  for  the  very  valuable  suggestions  he  brings  before  us  from 
lime  to  time.  I  remember  some  years  ago,  when  passing  through  London 
on  my  way  from  I  he  extreme  West  to  the  extreme  East,  Mr.  Crompton 
pointed  out  to  me  that  coal  at  one  of  the  London  stations,  aeon  tinnous- 
current  station,  was  used  at  the  rate  of  from  6  lbs.  to  7  lbs,  per  unit 
sold,  whereas  at  some  of  the  other  stations  in  London  at  that  time  from 
t2  lbs.  to  13  lbs.  were  consumed.  Subsequent  reports  and  analyses  of 
reports  have  shown  that  he  was  quite  righL  Some  years  ago  we  bad  from 
him  a  paper  in  which  he  suggested  3d,  per  unit  as  the  cost  of  electricity,  and 
many  of  us,  having  then  to  deal  w^th  the  older  stations,  were  very  much 
frightened  at  the  figure  he  quoted.  But  since  that  time  provisional  orders 
and  bills  have  been  passed  throu^E»h  Parliament,  in  which  %ve  have  as  a 
maximum  for  the  supply  of  pow^r  during  the  day  a  price  not  exceeding 
3d.  per  unit  for  the  first  hour  and  *S35d.  for  every  subsequent  hour,  or 
an  average  for  an  eight- hour  working  day  of  id,  per  unit.  Mr. 
Crompton  has  done  well  iii  hi  luging  before  us  this  question  of  the 
influence  of  cheap  fuel  wpon  the  cost  of  production,  so  that  wc  may 
see  how  to  be  able  to  produce  electricity  at  that  figure  and  to  make 
it  pay. 

Respecting  hts  remark^^at  page  66  of  his  paper,  I  can  confirm  from  a 

long  experience  his  statements  as  to  the  difliculties  arising  from  the 

adhesion   of  clinker  to  the  brickwork,  which  is  always  considerately 

dam*igvd  m  the  operation  of  ren^oval  of  the  clinker,  and  as  a  rule 

lasts  but  a   \cry  short  time*    My  e3t\^enc\w<i  ^w^<£^^  with  regard 
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'  ^S0iMt4wtnsiicit  boilers^,  cspcclaiiy  of  the  Bibcock  &  Wilcox  typCi   itrJ 

,  ncviiT  pyt  double  ;irchc%  over  the  deadplates,  but  always 

mnjfie  ar^lw  iw»d  have  between  the  two  door*^  a  dividing  wall — 

.A  mpf^^nn^  vnk}\,  because  such  a  wall^  bcmg  fired  on  l>oth  sides, 

1    into  and   hroken   away  by  the  clinktT  and 

All  the  arch.   The  C05rt  of  re-lining  a  single  arch 

h  much  Ic^^  tJian  half  that  of  re- lining  a  double  arch. 

Sow  a»  Ui  relative  costs.     Taking  stations  in  wl)ich  Welsh  coal  i^i 

bsroed  under  boilers,  but  simitar  in  all  respects  to  other  stations  in 

wbicit  Kortfa  Country  rouj^h  small  coal  automatically  stoked  is  used,  I 

r  lomid  tbe  oo^  of  repairs  in  the  former  ca:^  to  work  out  at  about 

T  t    "   uiiT   .vliik*  ihe  cost  in  the  latter  was  'i5od.,  or  four  and  a 

:.  :,       u-  :  ,  ,   h  :ks  m  the  former  case^  taking  the  average  of  two 

t  qI  CM^h  k\nd  itM'  two  years.     We  must  also  lake  into  account 

be  Iprcaler  quantity  i>f  ash  and  clinker  to  be  removed,  and  this  quantity 

^  be  foond  to  be  from  two  to  three  times  greater  in  the  case  of  the 

«al]  hitunihiott!*  c<cxil  than  tn  the  citse  of  Welsh  coal    A^  a  ^t-aU, 

«»cvcr,  we  bavc  in  London  and  the  South  generally  to  pay  at  least 

A»  per  cent  more  for  Welsli  coai»  and  also  more  for  handling  and 

'^am^  3Uk  wirll  aft  more  in  stokers'  wageSj  while  the  evaporaling  value 

c«tlL  greater  than  that  of  the  North  Country  coal  which 

;  ianed.    At  the  present  time  on  contracts,  North  Country 

w^gfe  #i]idhU  unl  water  borne  is  obtainable  in  London  alongside  at  rzs, 

r<r  loo,  wfocxeas  the  be^t  V\*eish,  ;ilso  water  borne,  will  cost  20s.    It 

^^  Cf»*t  litadoubtcdiy  more  at  present,  but   I   assume  that  contracts 

bei^   placed   in  the  c^ly  part  of  the  yeiu-.      If  We  use  South 

I  or  Hartofi  rough  small,  with  good  automatic  stoking,  and  take 

Ibc  ecDoamiicr^,  we  shall  get  ;in  ordinary  evaporation  of 

llb%.  erf  water,  dctuaL  per  lb.  of  coal,  while  Welsh  coal  will  evaporate 

iliiog  ihe  ecouGrai^er  into  account.     But,  however  important 

c   to  use  cheap   fuei,  it  is  very  much   more   important   to 

'    cjnomical  engine.    Taking  steam  consumption  from  20  lbs. 

I  :i  s^  downwaid^,  and  the  over-all  efficiency  of  engine  and  direct- 

oaii|ied  dynamo  or  alternator  at  at>out  80  per  cent.,  or  say  600  watts 

^kftf«ml  at  lls<e  trriuljijik  of  an  altcriialor  for  every  LH,P.  of  the 

^^0iie,  ^muting  no  other  losses  such  as  steam  required  for  auieiliary 

t^fiacft  and  pomps  or  radiatioor  then  1}  K,P-  hours  are  required  to 

rfiidocr  a  mtlt  of  ekctridty.    The  accompanying  tables  show  that  for 

»n  eo^oe  taluog  18  lbs,  of  steam  per  LH.P.  per  hour  the  cost  will 

t«  ^^  or  mlher  *2oid,  per  unit  gene  rat  ed»  w^hcn  using  coal  at  tos. 

fm  too*     With  cool    at  t2s,,   the  engine   should,  for  equal  fuel-cost, 

lie  mcb  an  not  lo  consume  more  than  15  lbs.  per  LH.P.    With  coal 

coitiag  14V  per  ton  delitercd^  the  engine  should  not  consume  quite 

11  jj^   f^^  I  M  P.    Theic  figures  relate  to  Korth  Country  coaL    W'ith 

'  mg  14s*  per  tnn»  evaporating  10  lbs.  of  water  per  pound  of 

uiu  ti-c\j,  It*  obCUQ  the  same  results  the  engine  should  not  consume 

motm  tftan  16  lhi»  of  stc;ani,  as  against :  H  lbs.  of  steam  for  the  los,  Xorth 

'  «ioQtry  cttiL 

Some  ifiodKr*  have  dwelt  on  the  very  much  grrater  are;i  required 
ht  Itebovvtogof  Noftit  Country  ooaUand  on  the  much  less  work  to  bo 
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to^T  OF   Fuel   per 
8  LBS.  OF  Water 


B.T.   UxiT  Generated,  with   Coal  Evaporating 

PER   POL-ND  OF  COAL,  THE  TON  OF  COAL  COSTING 

Deliverei>— 


Pounds  of 
Steam  per 
I.  HP.  hour. 

10- 

20 

•22^ 

IQ 

2\2 

I« 

•20I 

ly 

•ic/) 

I6 

•178 

'5 

•167 

H 

•156 

13 

•145 

12 

•»34 

II 

•123 

10 

•112 

I 


la- 


14  . 


W- 


For  Co*!!  costing  :  5'-, 

Cost  of   Fiel   per 
10  LBS.  OF  Water 


•268 

•312 

•357 

•402 

•255 

•20 

•339 

•^^2 

•241 

•281 

•321 

•362 

•228 

•265 

•303 

•342 

•214 

'2:JQ 

286 

•322 

•201 

•^34 

•268 

•301 

•188 

•218 

•250 

•281 

•174 

•203 

•232 

•261 

•161 

•187 

•214 

•241 

•147 

;         172 

•196 

•221 

•134 

1        -156 

•179 

•201 

6.-,  7/-.  8/-. 

take  half  of  above  figures. 


9/-, 


B.T.   Unit   Generated  with   Coal  Evaporating 
PER  PorND  OF  Coal,  the  Ton  Costing  Deu\'ered— 


Pounds  of 
Steam  per  • 
I.  HP.  hour. 

i«. 

•250 

1 
16- 

•286 

1 
18- 

1 

90- 

n- 

1 

»- 

.0    1 

•321        ' 

•357 

■      '^^3 

•429 

19       1 

•237 

•272 

•305       i 

•339 

i       -373 

•408 

18      ! 

•225 

•257        i 

•280 

•321 

•354 

•387 

17 

.2\2 

•243  : 

•273 

.303 

•334 

•365 

i(> 

•200 

•jii) 

•257 

•286 

•314 

•343 

15 

MS7 

-MS 

•241 

•268 

!        295 

.322 

14 

•»75 

•200 

225 

•250 

•275 

•300 

13 

1 

•102 

•l8f. 

•20t) 

'2:^2 

•255 

•279 

12      1 

•150 

•>72      . 

•192 

•214 

•236 

•257 

II 

137 

•i.=^7      , 

•177 

•Il)^» 

•216 

•236 

10 

•125 

•«43      1 

•lOl 

•17« 

i    ••'^ 

•215 

For  Coal  cutting  ;  7  -,        J</< 
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of  boOen  in  comeqiirnce  of  its  use,  I  have  not  faund  that 
diff  catr*  TAkii^  Baln^ock  ^  Wilcox  boilers  ralcd  al  about 
%20tK  ^  rcragjbly  6,000  lbs.  of  water  pL-r  hour,  o^iiii^  small  coal, 
•vl&nfif  been  abjc  to  gel  on  long-continued  rnn^  an  evaporation  of 
hvm  7,5EX»  lb«w  to  Kxxso  lbs*  In  any  station  wlicrc  ttie  load  has  to  be 
niB  vp  impidly  it  is  impo^^stbk  to  find  a  bcttt!r  t>oilcr  than  the  water- 
txxht'  >*.«u  f  f^r  a  luji  head  of  iitcam  can  with  cajie  be  gat  up  from 
in  thrcc-qiiitrtcrs  of  an  hour*  To  do  this  i^afely  with 
I :«-  i.^jR-^>«iri*  type  of  hoilcr,  iit  tlie  very  least  twenty-fotir  hours 
«iil  be  iitctwAiy*  1  do  uot  know  \%hat  may  be  done  with  such 
bnilcr>  MS  ibe  *  Kconomic '  iiKidi.'  by  Da%y  Paxinun,  hut  probably  n  great 
bcttcT.  I  have  had  ^ome  experience  of  thcni,  but  I  have  not  the 
brltifc  me  at  the  motueiit  to  say  what  can  be  done* 
{'ip%3(or  R,  J[,  SuTTit  :  Profrs<ior  fVrry  s^ys  that  the  question  of 
b  of  >j*ecj;ij  im^Kirlatiee  to  elcfctrieat  engineers  as  they  have 
Pith  Ihr  prodnction  of  eneri^y :  hut  I  think  that  is  hardly  a  good 
iM,  for  rrery  class  of  engineer,  every  kind  of  uicehanieal  engineer  at 

Ebjis  al^  to  do  with  the  generation  of  energx',  and  in  fact  every 
in  cnginecrmg,  civil,  meehanicali  electrical,  mining,  and  every 
>d  of  engineering,  is  equally  conccrnL-d  with  questions  of 
.  Ecotiocny  h  of  as  great  importance  in  ttic  one  department  of 
>ipnaiO|[ait  in  the  other,  at  least  normally,  The  que^ptions  of  saving 
^ewpemt  iti  fuel  and  in  some  other  directions,  have  appeared  to  be  of 
^Qtcr  impurtancc  in  electrical  engineering  than  in  some  other  classes 
rmg^  because  there  is  less  margin  for  profit  in  the  operations 
etigtnecring  th^n  in  many  of  the  others.  There  are  natural 
in  %evenil  dep;irtmenls  of  electrical  engineering  that  tell 
it  to  compt  tition  with  other  kinds  of  engineering,  and  this 
I*  circtncal  engineers  to  pay  more  attention  to  saving  with  regard 

Mr,  HoUidar's  paper,  I  thinks  does  not  go  in  the  direction   Mr. 

Sioclhfed  ivggest^  of  greatly  favouring  very  cheap  fuels,  but  rather,  as 

-ippear^  lo  me,  the  coutr;»ry*     He  makes  two  or  three  points  on 

v'S'  4f  aigaanst  chesip  co;ds  whidi  I  think  are  important,  for  instance 

enlarjteaictit  of  either  the  si «*  or  the  number  of  the  boilers.     Given 

^     li  is  I  he  most  important  point.     Then  again, 

.    .  .>c  to  be  got  rid  of,  the  expense  of  that  is 

If  point  wbtch  tells  against  cheap  f ueh :  atid  the 

^  .    .IV  I'  I  or  fuel  is  again  important.     I  am  doubtful  as 

*»ac  Cmtli  of  wtiAt  he  says  with  regard  to  the  extra  high  temperature 

hjj  .4   i^...-».,;ci^  in  the  chimney  gas^s  with  cheap  fuels.     He  s;tys 

Jit  nccessitJite^  a  higher  temperature  in  the  chimney  gases, 

-^  LouTu:  n  is  a  generally  known  fact  thai  chimney  temperatarc  is 

Hikr  with  iorccii  dratight  than  without  it.  but  I  have  never  found  any 

I  lor  believing  Urat  it  i^  a  necessity  of  the  case.    If  forced  draught 

re  tntellig^aflv  applied,  if  the  arrangements  In  connection  with 

i«««  better  tbcwght  oitt,  we  might  have  a  lower  temperature  at  the  base 

irfdor  €fatmne%^  tbaa  witboat  it.    With  forced  draught,  I  have  sent  my 

im  ^*<  le  ba»e  oi  the  chimney  considerably  cooler  than  the 

ilBBi  ln^<««<,  MP^  I  roller,    I  do  not  t>oast  of  th^t  ^is  a  result  to  be  de^r^d, 
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but  it  shows  there  is  a  possibility  of  getting  practically  all  the  heat  that 
can  be  theoretically  obtained  from  the  hot  gases  before  they  go  into 
the  chimney. 

There  is  another  point  in  Mr.  Holliday's  paper  which  is  worth 
noticing,  namely,  that  his  results  are  somewhat  affected  by  the  large 
amount  of  feed-heating  used,  the  feed-water  being  heated  up  to 
240"  F.  by  the  exhaust  steam  of  the  feed-water  engines.  These  feed- 
pumps, of  course,  are  ordinarily  frightful  steam  users.  So  long  as 
tliey  are  used  in  the  form  which  is  common,  it  is  well  to  employ  exhaust 
steam  in  heating  the  feed.  But  this  shows  not  only  merit  in  the  whole 
installation  referred  to  here,  but  simply  the  frightful  waste  of  steam 
used  in  the  feed-pumps.  He  says  in  another  place  that  the  use  of  this 
exhaust  steam  for  feed-heating  saves  about  li  per  cent,  of  fuel ;  which  is 
simply  anotlier  way  of  putting  this  fact,  that  the  waste  of  steam  in  these 
feed-pumps  is  most  extravagant. 

Witli  regard  to  Mr.  Crompton*s  paper,  I  agree  with  him  in  recom- 
mending fire-brick  lined  furnaces  when  one  aims  at  very  high  economy, 
and  particularly  in  his  insistance  upon  the  diminishing  of  the  quantity 
of  excess  air  introduced  into  the  furnace.  That  operates  in  two  ways, 
directly  in  reducing  the  percentage  of  heat  wasted  by  the  discharge 
into  tlie  chimney,  and  again  in  making  it  more  easy  to  get  a  much 
greater  perfection  of  combustion  in  your  furnace — which  is  important, 
not  only  with  low-class  fuels,  but  particularly  so  with  all  kinds  of 
meclianical  stoking. 

Mr.  F.  J.  Applkbv  :  I  am  surprised  to  find  in  Mr.  Crompton's 
intircstiiig  paper  no  reference  to  what  may  be  called  the  latest  system 
of  utilising  cheap  fuel.  I  think  it  is  one  well  suited  to  the  fuel  of  the 
thirtl  class  -tliat  is  to  say,  the  small  and  earthy  bituminous  coals  of  the 
Xortii.  The  system  combines  efficiency  with  economy.  I  refer  to  the 
usi-  of  jH)wclcrcd  coal  which,  since  the  time  of  Mr.  T.  R.  Crampton  in 
187^,  seems  to  have  been  left  alone  until  1892,  when  it  was  again 
t.iken  up  in  (icnnany,  and  has  reached  its  highest  development  there. 
The  powdered  coal  used  in  the  present  apparatus  differs  from  coal  dust 
in  that  it  must  be  reduced  to  such  a  state  that  there  is  only  about 
3  per  cent,  residuum  loft  on  a  test  sieve  of  7.000  holes  to  the  square 
inch.  Of  course  that  requires  very  different  handling  from  coal 
dust,  whicii  would  perhaps  all  pass  through  900  holes  to  the  square  inch. 
To  ensure  the  success  of  the  system  three  essentials  must  be  attended 
to  :  (i)  A  perfect  mill  to  reduce  the  coal  to  this  highly  powdered  state 
with  absolute  unitormity  and  without  sieving.  This  has  hitherto  been  a 
cause  ot  tumble  in  Cicrmany.  but  there  is  now  a  mill  in  England  which 
lull'ils  the  required  conditions  ;  (2^  the  firing  apparatus  must  be  such 
that  the  coal  is  passed  in  an  unbroken  stream  into  the  combustion 
chamlH-r,  and  it  must  be  so  arranged  as  to  be  held  in  suspension  in  the 
air  cm  rent  until  perfect  combustion  ensues  ;  and  {ti,)  there  must  be  an 
arraugouu'ut  for  the  continuous  maintenance  of  a  high  temperature  in 
the  combustion  chamber.  That  is  provided  for  by  Hning  the  furnace  for 
the  first  10  feet  with  fire-brick  in  the  manner  to  which  several  speakers 
)iA\  e  alluded.  When  these  conditions  are  fulfilled  the  highest  perccntsige 
<»/  .tsh  is  no  h'mdiMXCC  lo  t\\e  use  ol  \V\c  s\>Vcm  ;  vwdced,  in  one  works 
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jR  Ct^miany  they  are  using  coal  with  as  high  as  45  per  cent,  of  ash.  Mr. 
The  Magdeburg  Society  of  Steam  Boiler  Users  reported  on  tests  ^^^^^^^' 
Qiadr  with  this  avstcm  an  efficiency  of  Sj  per  cent  when  an  earthy 
ligDite  was  used  as  fuel.  Again,  a  four  days*  test  of  tlie  IJerlin 
Association  of  Steam  Users  with  this  system  (in  which  no  grate  is 
required)  showed  from  18  to  23  per  cent-  of  superiority  over  ordinary 
hand-firing  with  grates-  A  sugar  refinery  in  Austria  reports  that  they 
now  save  on  their  fuel  liill  22  per  cent.  The  s^-stem  is  considered  by 
Mr.  Sclmeidcr  to  be  especially  suited  for  Urge  electric  stalioos,  owing 
lo  the  latitude  it  affords  for  adapting  it>eh'  to  sudden  requirements. 
With  average  care  it  ensures  a  perfect  absence  oi  smoke.  The  quantity 
of  >ljig  formed  is  very  small »  and  onJy  needs  to  be  removed  once  in 
tweoly-fouT  hours.  Considering  the  high  price  of  Welsh  coal,  and 
seeing  that  you  only  have  to  pay  los,  or  12s,  a  ton  for  good  small 
coal,  and  tlut  the  pulverisation  of  the  coal  costs  only  is.  or  is.  3d,  per 
tun  I  in  some  places  it  is  as  low  as  lod.  per  ton)*  I  think  the  system  is 
wocUiy  the  attention  of  all  engineers  associated  with  large  steam  plants. 
In  an  installation  now  erecting  in  the  north  of  England  400  tons  of  coal 
arc  to  he  pulverised  in  every  twenty-four  hours>  and  they  expect  to  sell 
the  coal  powder  at  5s.  a  ton.  But  when  the  conditions  of  space  allow 
there  is  no  reason  why  each  station  should  not  do  its  own  grinding, 

Mr,  Brvas'  Don  KIN"  {commufftcakif]  ;  Mr,  Holhday's  paper  I  consider  Mr.  Donkin, 
icry  interesting.  The  uiihsation  of  cheap  and  small  class  fuels  is^  in  my 
O|»nion,  most  important*  but  generally  boiler  grates  have  not  sufficient 
Area,  I  would  suggest  for  the  consideration  of  the  Council  of  your 
If^titutjan  the  appointment  of  a  special  Boiler  .ind  Fuel  Committee  to 
O^RSidcf  the  following  :  The  proposal  to  send  out  to  many  of  the 
dedrical  stations  in  Great  Britain  blank  forms  for  the  chief  engineers 
iQfill  in,  so  as  to  collect  accurate  information  to  put  before  the  whole 
oi  your  members.  The  names  of  the  stations,  when  wished,  could  be 
irrthheld*  The  great  point  is  to  arrive  at  the  boiler  efiEiciency  at  the 
•  tfiotis  stations.     The   hmiing  value  of  the  fuel  and  its  approximate 

/-c  should   be  always  given,  as  also  the  type   of   boiler  and  grate, 

.iiid   the   iecd*water  should  be  measured  either  by  the  bust  type  of 

pi^lnn  "W^ter  meter  or  in  tanks*     The  cost  of  the  evaporation  per  i^ooo 

it  the  cost  per  ton  of  fuel  delivered  in  the  stokehole  should 

The  heating  value  of    the  fuel,  if  many  samples  had  ttJ 

c  tested,  could  be  ascertained  more  cheaply  than  usual^  perhaps  at 
;^,  to  6s.  per  sample.  I'he  analysis  of  the  boiler  gases  is  also  most 
t^iportiUil  lo  calcuMe  the  excess  of  air^  and  no  boiler  experiment  is 
coGif^elc  without  it.  Often  too  or  even  200  per  cent,  excess  of  air  and 
mors  b  found.  A  gas  analysis  of  this  kind  may  frighten  even  some  of 
the  dedfical  engineers,  but  there  is  no  doubt  that  the  expenses  would 
mon  be  covered  by  the  saving  effected  in  reducing  the  e,vcess  of 
jur  to  a  f  C4isc*iiahle  amount  *  The  smoke  question  should,  if  possible* 
alia  be  deaJt  with,  and  observations  should  be  made  every  minute 
b^  ncaits  of  the  five  smoke  scale  diagrams,  ;is  described  in  some 
jTticle^  oi  mine  m  tlie  Engtn^cr  lately.  The  method  of  stoking 
•toiiUI  aho  be  added,  and  whether  by  fiAnd  or  by  mechanical  means, 
I  QKiy  vmutton  iMt  here  in  Bcrniondsey%  with  our  Lancashire  boUer, 
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iif  Doiikifi  it  now  costs  us  with  small  coal,  in  picct- s  from  i^  to  |  of  an  inch 
and  dusl,  about  is\x  iihilling^  to  evaporate  i,ooo  gallons  of  water  froui 
fairly  cold  feed  (about  60^  to  70^  Fahr,),  In  a  general  way  it  is  im- 
portant to  point  out  that  fuel  should  twi  be  boughl  by  the  ton  weight, 
but  by  ton  of  water  evaporated*  This  method  works  well  in  some 
places,  but  the  contractor  and  the  engineer  must  of  course  give  tbem- 
selves  a  little  trouble.  Dirt,  ashe^,  and  cbnkers  will  soon  diminiUi 
if  the  contractor  is  paid  by  the  w%ater  evaporated,  and  has  to  pay  for 
carting  all  the  incombustible  matter  away.  Fuel  is  now  bought  w*ith 
yn  unknown  quantity  of  dirt  and  incombustible  matter  in  it,  and 
liU^ineers  shoukl  specify  that  tlic  latter  should  not  exceed  a  mini  muni 
percentage  of  the  total  fuel.  I  am  of  opinion  that  the  way  in  which 
we  now  buy  fuel  is  i^a/rf^mt*/)  primitive,  and  just  the  same  as  the  method 
in  use  one  hundred  years  ago  or  more.  Ko  Limit  is  set  to  the  perceuUge 
of  dirt,  the  size  of  the  pieces,  or  the  heating  value  of  the  fueU  To  adopt 
the  proposed  system  would  caust;  no  real  practical  difficulty,  although 
it  may  be  eonsidcred  by  some  to  be  purely  lhe<iretical.  As  an  example, 
ail  this  is  nuich  bdter  done  on  the  Conlinent.  The  Belgian  Govern- 
inenl,  who  purchase  large  quantities  of  coal  for  ull  their  railways,  have 
tests  continually  going  on,  which  I  have  seen,  and  they  answer  admir- 
ably, A  systematic  Central  Testing  Station  has  been  working  for  many 
years,  and  the  experiments  determine  if  the  guaranteed  heating  value 
of  the  fuel,  its  size  and  the  percentage  of  dirt,  are  according  to  contract. 
The  coal  or  fuel  is  refused  if  the  result  of  the  test  is  not  within  the  limits 
of  the  specified  guarantees.  More  system  and  method  are  wanted.  Coal 
is  of  course  bought  for  the  heat  it  contains,  and  not  for  its  weight  only:— 
so  many  *'  thermal  units  per  pound  *  with  a  price  per  ton,  say*  The  w*hole 
method  of  buying  fuel  is,  in  my  opinion,  wrong  and  founded  on  a 
false  basis,  and  reforms  are  sjidly  needed.  Difficulties,  troubles,  and 
opposition  are  of  course  to  be  expected,  but  there  is  great  need  for 
better  methods  on  a  standard  basis.  As  Mr.  Crorapton  has  carefully 
pointed  out  in  his  paper,  the  fuel  is  the  greatest  item  of  expenditure  in 
electrical  stations.  The  evaporation  by  the  many  forms  of  the  cheapest 
possible  fuels  in  different  localities  should  be  given  by  stating  the  cost 
consutnption  per  1,000  gallons  evaporated,  and  no  doubt  there  is  a  large 
quantity  of  *' slack,"  various  duhts,  coke  small  ajid  large,  small  coal, 
briqiietteSj  etc.,  that  could  be  usefully  burnt  and  at  low  cost.  As  these 
low-class  fuels  produce  a  large  amount  of  clinker  and  incombustible 
matter,  arrangements  should  be  madtr  to  feed  the  fuel  on  the  grate 
automatically,  and  especially  to  remove  the  clinker  and  ash  in  the  same 
w^y.  The  smaUer  the  fuel  and  the  greater  the  amount  of  dirt  in  it,  the 
larger  the  percentage  of  clinker  and  ash  as  compared  with  ordinary  fuels. 
I  quite  agree  with  Mr,  Crompton's  excellent  remarks  on  page  66  of 
his  paper,  that  in  modern  boiler  shops  the  fuel,  ashes,  and  clinkers  should 
not  be  touched  by  the  stokers.  The  whole  method  of  bringing  it  from 
the  yard  to  the  grates  and  takiJig  away  the  refuse  should  be  automatic ; 
and  to  do  this  properly  with  cheap  fuel  would  necessitate  large  grates 
and  probably  external  furnaces, 
w>:  Mr.  \\\  HuSKissoK  [comfftntiiaited]  :  As  having  a  direct  bearing 

**^     upon  the  subject  of  the  papers  under  dvscM'&siOTi,  t\ve  Io\Vq^\w^  details 
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may  he  d  totarc^  of  aa  mrr^uigemeiil  deagned  to  enable  cheap  and 
lOfedor  fads  to  he  byrat  smoidesslj  In  iftater-tnbe  boilers.  The 
amnigemeiil  was  perfected  after  about  fiftjr  fti]l-po«^er  trials  of  six  to 

Is  t!ic  ctfdiiaafy  arrani^inent  of  water-ttibe  boilers  of  bailing  the  tubes 
directly  ov^er  tJie  grate,  the  ga^es  rbe  vertically  off  the  ftiel  and  strike 
the  cold  tubes.  Owing  to  inequalities  ol  the  bed  ol  fnet  and  igencraUy) 
aa  absence  of  miiiiig  de\ices,  the  combustioii  is  imperfect  until  the 
g^ses  mtx  'm  the  txplake.  where  :ii:five  oombostion  takes  place,  provided 
the  gases  are  at  a  saMcieotly  htgb  tem  perature^ — if  not,  tJiey  pass  o&  as 
smoke. 

To  remedy  tbia,  ba£Qc  tubes  arc  laid  on  to  the  top  of  the  second  row 
of  water  tnt>es  nt^rest  the  &e,  one  end  butting  against  tbe  headers,  the* 
Other  ending  against  the  top  of  an  inclined  concave  bridge,  the  concave 
part  being  inclined  towards  the  B.te,  while  it  is  supported  by  being 
arched  below,  the  centre  of  the  concave  bridge  lying  in  front  of  it,  while 
the  centre  of  the  supporting  arch  hes  at  the  back  of  iL  The  bridge 
springs  off  the  sides  of  the  furnace  and  is  hoilow,  and  the  concave  part 
of  it  is  pierced  by  holes  communicating  with  the  hollow  part  through 
which  hot  air  is  forced,  while  a  combustion  chamber  is  formed  at  the 
back  of  the  bridge. 

The  action  h  as  follows : — The  stoker  always  keeps  incandescent 
fuel  at  the  back  of  the  grate  and  puts  on  green  fuel  at  the  front.  Tlie 
gase^  evolved  from  this  fresh  fuel  pass  over  the  hot  incandescent  fuel 
at  the  back,  which  brings  them  up  to  a  high  temperature.  They  are 
whirled  round  and  fick  the  concave  face  of  the  bridge,  hot  air  is  supplied 
(through  tiie  holes  piercing  the  bridge),  a  general  mixing  takes  place, 
and  perfect  combustion  ensues.  The  products  of  combustion  then  pass 
out  through  the  contracted  space  enclosed  by  the  top  of  the  grate  and 
the  arched  part  at  the  bottom  of  the  bridge,  and  into  the  combustiofi 
chamber  at  the  back,  and  thence  to  the  tubes  and  the  uptake. 

In  this  arrangement  the  radiated  heat  is  not  lost»  and  the  gases  do 
not  strike  the  cold  tubes  and  become  so  reduced  in  temperature  that 
thej'  cannot  combine  with  incoming  air,  but  perfect  mixture  and 
combustion  is  secured. 

The  illustrations  (Figs.  C  and  D)  show  the  arrangement  as  fitted  to 
Babcock  &  Wilcox  and  Niclausse  boilers. 

In  practice  the  results  arc  roughly  :  In  one  case,  wh«re  four  lx»ilers 
of  one  type  were  fitted  with  this  arrangement^  Welsh  coal  costing  i6s.  6d. 
per  ton  evaporated  loj  lbs.  of  water  from  and  at  212*'  Fah.,  while  poor 
local  coal  costing  7s,  6d.  per  ton  evaporated  8  lbs.  of  water  per  lb,  of 
coal,  and  with  good  stoking  quite  smokelessly. 

The  P RES i DENT :  I  have  a  letter  from  Mr.  HoUiday>  who  writes  to 
express  his  regret  at  t>eing  unable  to  be  present  at  this  discussion,  and 
his  appreciation  of  the  kind  way  in  which  his  paper  has  been  received. 

Mr.  CromptON  {in  reply) :  1  do  not  know  whether  I  have  to  return 

thanks  and  reply  for  Mr.  HoUiday  as  well  as  for  myself,  but  I  cannot 

help  doing  so  in  some  few  instances  because  the  two  subjects  are  so 

closely  associated,    AJthougfe  it  is  very  tempting,  I  do  not  intend,  al  this 

Ute  period  of  the  evening,  to  be  dragged  off  into  side-is^sues.    A  great 
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munv  s^pcakcrs,  particuliaiy  on  ihc  first  night,  si^cmcd  ta  Hunk  this  was   Mr. 

:  of    water-tube  and  Lancashire  hoilcr:^  and  other  matters  c^*™?**^"- 
1,.  Lntirt^ly  foreign  to  thu*  qtifstion.     My  pLipcr  is  on  the  use  of 

clii^ip  lutJ,  ^nd  certainly  chtsip  iueb  which  require  a  large  grate  can 
Ih-  burned  more  easily  uith  boilers  having  external  grait-b ;  ceriamly 
ihc  Lancashire  boiler,  u  ith  its  long  narrow  grate,  i^  not  well  suited  for 
these  fuels  for  tlu*t  reaj^on  only.  Bnl  I  think  it  is  quite  ontsidc  this 
piper  lo  discii^^  the  question  of  the  sttiUibility  of  water- tube  boilers  as 
c  impart?d  with  ollvtT  kinds  of  boilers.  I  am  addressing  an  audience  of 
>knl*.d  electrical  engineers  who  have  got  a  good  deal  beyond  that  kind 
cf  thing.  There  are  a  very  large  number  in  this  room  whi.«  have 
ttira^Jicd  this  subject  out  miiuy  years  ago  and  have  long  since  formed 
their  opinion^  ^nd  probably  very  coiTect  opinions,  and  it  would  be 
jlog^ng  a  dead  horse  if  I  were  to  try  and  re-open  those  old  controversies. 
I  oiUy  mentioned  water-tube  hoiters  In  my  paper  because  they  are  so 
Urgcly  in  use*  and  because  they  are  practicaJh^  a  standard  type  for 
power  !»tati0ns. 

I  will  take  the  speakers  in  their  turn,  Mr.  Ferranti  agreed  with  me 
genrrallv,  but  called  attention  to  one  undoubted  di^culty^  and  that  is,  that 
when  If  pi  to  get  perfect  combustion  in  a  combustion  chamber 

Ibe  tv.  .1  combustion  chamber  suffer  ;  lh:it  is  to  say,  the  best  lin- 

ing material  is  hable  to  fu^,  and  constant  repairs  arc  needed.     It  vtas 
lor  IhaJ  very  object  [  proposied  to  ui»e  a  readily-removed  furnace  which 
€1X1  he  easily  repaired.    The  form  of  bricks  used  is  sucli  that  the  arch 
rrm  be  replaced  at  a  comparatively  small  expense.     But  I  will  take  this 
ppon unity  of  saying  that  Mr.  Ferranti  calls  my  attention  to  a  point  on 
wltscb  I  did  not  dwell  with  sufTicient  insistence  in  my  paper ;  that  is, 
M  to  the  character  of  the  materials  used  for  lining  the  combustion 
liamber.     Many  of  you  have  wondered  why  fire-brick  bridges  and 
Jr-rscrs  of  that  kind  have  ir^  some  cases  proved  very  successful^  and  in 
T  >v.i-es  not  successful  at  all.    I  have  never  seen  it  publicly  stated 
',  (Tie  has  observed  the  fact  which  I  have  noted,  vi^i.,  the  enor- 
riLct  the  character  of  the  lire* brick  used  has  on  the  usefulness  of 
....  ^.^ibustion  chamber.    When  we  deal  wnth  the  material  of  combus- 
tioo  dombers  w^e  are  dealing  with  something  more  of  the  nature  of  the 
oailllc^  of  incandescent  gas  lamps  :  we  want  a  material  which  can  take 
ia  axid  give  off    heat  with    eSktremc  rapidit>%  and  I   believe  that   the 
researches  which  have  been  made  in  that  claims  of  highly  refractory 
aiaicrials   may  be   of  use  to  us  in  developing  combustion  chambers 
lo  ghre  fitr  higher  efhciencies   than  have  ever  yet  been  reached.     I 
mjrself,  in  the   Unnted  experiments  which  I   have   carried  out  in  my 
<iwn  works,  have  found  differences  amounting  to  as  much  as  lOO  per 
^etit-  io  the  effective  nature  of  the  surfaces  which  I  used-    I  found  that 
li«  Sf3(tcr  surfaces,  m;4de  with  a  material  more  closely  resembling  pipe- 
ciay  than  the  liarder  fire*briek$,  not  only  w*ere  not  so  easily  melted,  but 
ibcy  iocrca-wrd  the  efficiency  of  the  furnace  as  a  means  of  pre^-^enting 
ymoke  aod  ol  getting  high  results  and  a  high  percentage  of  carlx>nic 
ick!'    I  got  as  much  as  loo  per  cent,  improvement  vtiihout  any  altera- 
tion in  the  lorm  of  my  furnaces,  but  only  m  the  materials  used. 

.  Slroaicrjr^'s  ti^marks  ar^  ta  be  received  with  the  very  greaU 
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respect  The  early  part  of  bis  remarks  which  referred  to  Mr*  HoUi- 
day's  paper  greatly  impressed  me.  I  cannot  reply  to  them  :  I  take  them 
from  him.  I  refer  to  those  in  which  he  t^tates  that  if  the  coal  were  pure, 
and  the  cost  of  evaporating  the  water  were  one  penny,  that  if  yon  had 
20  per  cent,  of  refuse  it  would  be  ijd,,  with  30  per  cent,  it  would 
be  2^d,,  and  with  40  per  cent.,  ^\d.  Those  are  very  startling  figure?iw 
They  may  be  correct,  and  it  is  quite  possible  with  Ihe  existing  appliance 
such  figures  are  obtained,  but  the  whole  object  of  my  putting  before 
you  the  difficulties  which  we  encounter  in  the  use  of  cheap  fuel  is  to 
enable  us  to  design  something  to  get  over  those  difficulties,  so  as  to 
make  the  use  of  cheap  fuel  a  real  gain  in  economy*  I  described  in 
the  body  of  my  paper  the  meani>  by  which  I  hoped  that  this  could  be 
done.  The  figures  which  I  have  given  in  the  addendum  are  to  S;Ome 
extent  a  proof  that  we  /lart*  made  an  advance.  Here  we  have  a  fuel 
with  a  very  considerabte  percentage  of  non-combustible  and  a  very 
high  percentage  of  water  giving  a  result  comparable  with  Ihe  very  best 
fuels.  I  think  this  shows  that  the  ideas  of  those  who  have  been  working 
in  this  direction  are  promising.  Although  we  may  not.  in  constant 
practice,  get  such  high  results  as  were  got  on  that  six^hom  test*  yet  I  do 
Jiot  see  %vhy,  when  we  have  a  machine-worked  furnace,  the  results  of  a 
long  test  should  not  be  quite  as  good  as  those  of  a  short  test.  You 
know  that  the  sole  reason  why  the  results  of  long  tests  with  hand* 
firing  are  worse  than  those  of  short  tests  is,  that  the  clinkering  needed 
is  slight  until  the  six-hour  test  is  over,  so  that  the  deteriorating 
eH^cct  of  clinkedng  does  not  show  itself  on  short  trials.  But  when  the 
cUnkering  process  is  continuous,  as  it  is  w*ith  the  furnace  I  am  advoca- 
ting, it  does  not  matter  whethcf  it  is  a  six-hour  test  or  a  sLx  weeks'  lest, 
providing  the  furnace  works  properly  and  does  what  it  is  intended  to 
do — ^that  is  to  say,  continuousily  feeds  itself  i^ith  fuel  and  continues  lo 
deliver  the  clinker  without  anv  hand  attention  whatever, 

I  avoid  what  Mr.  Stromeyer  said  about  water*tube  boilers,  and  also 
v^'hat  Mr.  Clerk  said  about  them.  Mr,  Clerk.  I  think/makes  a  very  con- 
siderable mistake.  In  the  tVrst  place ^  in  my  paper  I  touched  very  lightly 
on  the  question  of  using  g;is  in  firing  the  boilers,  t  referred  lo  Mr, 
Humphreys  paper,  wtuch  i^'as  thoroughly  discus^^ed  before  the  Instieu* 
tion  of  Civil  Engineers,  aiKi  which  referred  to  a  SN'stem  now*  being  tried 
on  a  It'urge  scale.  I  have  not  had  anything  to  do  with  it  myself.  I  only 
said  in  my  p^tper  that  it  promised  well.  But  Mr.  Blount  answered  Mr. 
Clerk  very  satisfactorily,  I  think,  when  he  pointed  out  thsit  Mr.  Clerk 
had  entirely  neglected  the  effects  of  the  hydrogen  which  would  be 
obtained  by  the  decomposition  of  the  ttiitcr  used  in  those  g^s*producerst 
I  had  the  great  tlisiulvantage  of  not  seeing  Professor  Perry  s  figures 
until  he  shov^ed  them  this  evening*  and  I  liave  not  yet  been  able  to 
fallow  them,  having  lH>eti  obliged  to  listen  to  the  rest  of  the  discussion, 
and  1  do  not  teil  mvself  in  a  position  lo  tackle  Lheui  now.  I  have  no 
doubt,  as  t'loft'ssor  Perry  s^»  that  I  can  agree  the  figures  with  him* 
and  I  think  th«  diHereoce^  between  us  can  be  easily  explained. 

Mr.  Booti  figures  ire  «3etr^mcly  interesting,  and  will  add  very 
greatly  to  the  value  of  the  discussion  on  this  paper  when  they  are 
pubii^hed  hi  the  TournaL     1  lake  it  that  he  used  the  same  boilers 
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tlifou^KJpl,  mitb  a  vtry  MnaJl  u^ltcraHan  in  itic  funiacc  for  llir  cijtltfreiit  j^j^ 
cU5!9es  ttC  ccial  :  h%%\  Ihat  i§  110!  a  lair  w^y  of  comparing  two  kmd&  oi  *-»«* 
itieL  They  require  coctsidefable  adj iistraeuls,  Th c  fine* b;ir  ad j usUnen I . 
Ibe  length  of  tire-hars,  and  ^te  area  must  all  be  experimented  with 
snd  adjusted  before  one  can  gel  the  h^{  results  with  each  kind  of  coil  : 
but  1  do  not  1  hilt k  lliAt  any  ^ho^l  tes-ts  are  of  very  gieat  value.  He  has 
oorrohoni-tcd  wlmt  I  have  !*;iid  ahw.>ut  thr  i^rcat  ioss  by  =itorage  of  fuel, 
AOd  oC  COiin^e  it  i*  the  case  that  Ihc  more  finely  the  fuel  is  powdered  the 
tnorr  nipid  is  the  rate  of  deterioration.  The  cause  of  deterioration  is  well 
understood.  Slow  combustion  goes  on,  and  the  combustible  is  oxidised 
and  rciiliy  increases  the  amount  of  earthy  mailer  pre^^ent  in  tlie  cofd, 

Mr,  Geipel  has  given  11s  some  ver^'  interesting  informal  ion.  but  I 

i  link  he  is  a  little  tinfair  to  Mr.  Holliday,     Mr,  Holliday  does  rcaUy 

jan.kier  the  capital  cost  and  does  put  it  down  very  clearly  in  his  tahk% 

and  I  do  not  quite  follow  Mr.  Geipel  ns  to  what  further  detiiils  of  the 

capital  co^t  nc  required.     I  qnite  agree  with  Mr.  Geipel  that  il  is  a 

«^mclrd  thinj»  to  force  boilers,  a:*  it  reduces  the  capital  charge  very 

grcatJy.     No  man  is  more  aware  of  it  than  I  am.     Mr.  Miller,  who 

spoke  last  time,  will  tell  you  that  in  one  of  the  ca^sesj  in  w^ilch  he  and  I 

were  jointly  concerned  we  -sometimes  used  to  fire  a  Bahcock 'i.  boiler, 

wh»cli  ifc-as  rated  at  350  H.P.  up  to  750  H.P,  by  injecting  oil  fuel  ott  top 

of  the  Webli  coal,  and  thu<  carried  the  station  over  the  peak  of  the 

lodd.     1 1  w-a*  more  economical  than  lighting  up  two  olher  boilers,  and 

i-i  ill  effect.     Hut  the  usual  thing  occurred,     Duectly  wc  bcg;in  to 

]  fuel  in  quantity  the  price  doubled  and  trebled.     In  fact,  there 

in  real  price  (it  wiu  only  2d.  a  gallon  for  a  few*  weeks),  so  that 

,  -^Utajly  I  he  experiment  w^a::^  never  carried  further* 

Mr,  lawmm^s  remarks  were  practical,  as  they  always  are.    On  the 

mbfcict  of  brickwork  he  has  given  us  one  or  two  valuable  hint*^,  which 

nm  not  be  known  to  many  here,  as  to  the  way  in  wliich  brickwork 

ihoilld  be  put  into  the  boilers  so  a;-^  to  reduce  the  cost  of  repairs.     He 

km  prepared  a  table  which  it>  really  a  continuation  of  the  table  which 

hcd  by  me  iri  iH+^^with  my  paper.    He  has  carried  it  f urtlici , 

tjj  cost  of  the  energ%%  and  has  pomted  out  that  reall^'  a  curve 

..r  to  I  hat  drawn  by  Mr.  Holliday  on  my  table  can  be  drawn 

~-^...  ^.4e, 

Vrdtcsst^  Robert  Smith  thinks  we  electrical  engineers  have  no 
upoopoly  of  the  energ\'  question.  I  differ  from  him.  1  think  wc  arc 
*ite  only  .j>eople  who  put  our  backs  into  it.  Until  wc  began  to 
^iem&  the  cost  of  energy  nobody  knew  anything  about  it,  A  few 
vnerwcirk^  engineers  did,  but  they  kept  it  lo  thcmselve^^,  and  of  course 
Biftne  ctigitieeis  did.  but  until  we  began  to  publish  our  accounts  and 
*t«  with  one  another  to  cut  down  bills  and  hnd  where  the  lo^*ies  were 
IftQfted,  very  little  %vas  known  of  the  cost  of  electrical  euerg\\  The 
*iect  of  our  special  knowledge  hasi  been,  as  you  know,  that  many 
iianibctDHng  concerns  all  over  ihe  country  are  taking  a  leaf  out  of 
boolCtSnd  are  putting  down  real  power  stations  instead  of  going 
"oin  IMr  old  wax  having  rows  of  l-anc^iiijire  boiJeriJ  and  ouc  latj^c 
'   *  engiue  ijj  m^  ^utMusc  going  round  at  about  fif t%*  rc\  olu^ 
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Mr.  Appleby  apokc  of  powdered  fuel.  Undoubtedly  there  is  a  great 
future  be/ore  it  h  is  wtll  knowji  that  the  late  Mr.  Crmnipton  worked 
at  it  at  Wooiwich  Arsenal,  and  others  have  worked  at  it  on  the  same 
Iiiiei>,  I  beheve  there  are  difficulties  cotinected  with  it^  but  no  doubt 
those  gendenien  who  have  worked  at  it  lately  have  got  o\'er  ^me  of  the 
trouble.  There  is  a  question  which  I  should  like  to  ask  Mr.  Appleby  : 
Where  does  the  earthy  matter,  the  incombustible,  go  to?  If  the  fyd 
contains  20  per  cent,  of  incombustible,  and  the  whole  h  powdered, 
the  combustible  matter  is  burnt,  and  the  remaining  20  per  cent,  of 
incombustible  is  cither  blown  over  the  surrounding  parish  in  the  form 
ot  dust,  or  it  stays  in  the  boiler  flues  and  has  to  be  taken  out  at  regular 
intervals.  I  am  afraid  that  would  necessitate  a  periodical  due-c leaning 
just  a*5  we  have  in  blast  furnaces,  which  means  shutting  down  the 
works.  I  beheve  that  was  one  of  the  troubles  met  with  at  Woolwich. 
It  must  not  be  understood  from  my  remarks  that  I  am  throwing  cold 
w^atcr  on  the  idea*  l>ecause  it  deserves  developing*  In  fact,  even- 
scheme  to  enable  us  to  utilisi;  our  cheap  fuel  to  the  best  advantage 
deserves  the  encouragement  of  electrical  engineers^  who,  in  spite  01 
Professor  Smitli,  are  more  than  anybody  else  purveyors  of  energy. 

Mr.  J.  HoLLtDAY  [tommuniiait'ii']:  In  replying  to  the  very  interesting 
discussion  which  has  followed  the  reading  ofdhe  papers  by  Mn 
Cromptun  and  myself,  t  would*  first  of  all,  desire  to  tender  to  the 
President  and  members  of  the  Institution  my  vent^  hearty  thanks  for  the 
kind  way  in  which  my  paper  has  been  received  and  for  my  share  in  the 
cordial  vote  of  thanks  so  freely  accorded. 

There  are  many  points  in  the  discussion  to  which  Mr.  Cromplon  ba« 
already  replied,  and  these  I  feel  are  much  <afcr  in  his  hands  than  in  my 
own ;  I  w^ill  therefore  conhne  my  remarks  to  some  points  011  which  I 
have  personal  experience*  that  may  be  of  interest. 

Mr,  Cromptoti  in  his  paper  refers  to  automatic  stokers,  and  of  these 
I  have  had  more  success  witli  those  of  the  coking  than  with  those  of 
the  spreading  type.  The  coking  stoker,  how^ever,  is  not  suitable  far 
vannng  loads  on  account  of  the  loss  of  time  that  must  elapse  in  order  lo 
secure  the  grate  being  covered  with  an  increased  thickness  of  fuel 
before  the  draught  can  be  increased,  and  unless  this  is  done  the  fire  burns 
into  holes  and  the  output  of  the  boiler  is  reduced  instead  of  increa^ctl 
by  the  extra  draught ;  I  have  used  a  coking  stoker  in  boilers  with  a 
mechanically  assis^ted  draught,  and  in  this  case  the  difficulty  has  been  ft 
very  real  one.  As  affecting  the  cost  of  steam  raising,  I  have  found  that 
over  comparatively  long  periods  of  working,  the  reduction  in  cost  of 
fuel  and  working  expenses  has  been  almost  exactly  balanced  by  tlic 
increased  costs  of  maiiitaimng  the  furnaces  in  good  repaii* ;  whilst  the 
possibility  of  the  stoker  giving  trouble  at  critical  periods  is  a  further 
point  in  its  disfavour.  The  tVre-brick  arches  to  these  coking  sto1i<  r^ 
w^ere  at  first  a  cause  of  much  anxiety,  which  was  eventually  mmli 
lessened  by  carrying  the  arches  on  mdependenl  supports  above  il 
level  of  the  fuel,  and  tixing  hollow^  cast-iron  blocks  below  the  spdn^iiic^ 
of  the  arches  through  which  the  current  of  air  admitted  over  the  h-  ■ 
w:isdrMwn  ;  f/iese  hollow  blocks  w*ere  easily  renewed  without  disturb  '  - 
ihearchL*^  tljcmsclve^i  and  stood  QonsidiirabV^Xovt^fiT  vWv\^ix^%Q4 
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M«x'*s  Turi  w-eG.     ii  r?  suggested  that  the  semi-molten  slag  forms  a  Mr. 
Ha\  iL*r  5pumc  of  Ihc  C0Ti!Jlitucnt!5  of  the  Itrc-brick,  and  rapidly  reduces     ^     ^^' 
t:itm  even  when  it  doei5  not  adhere  to  them  and  carry  away  cont^iderabk 
jx^rtioiis  when  knocked  off. 

Mr*  Crompton  fas'ours  the  Juckes  furnace,  of  which  1  have  bad  a 

number  bi  my  charge  ;  tlie^e  were  used  for  heating  and  boihngHqtnds^ 

and  not  for  raising  steam  for  power  purposes.    On  one  of  these,  with 

aa  effective  grate  area  of  50  square  feet,  slack  coal  of  a  calorific  value  of 

I  »,70D  Th,  units  was  burnt  at  the  rate  of  17-2  lbs.  per  hour  per  s-quare 

loot  of  grate*     It  was  found  that  with  a  chimney  temperature  of  623''  F., 

fr>  Y^T  cent*  of  the  heat  passed  away  in  the  products  of  combustion :  the 

careful  anajysscs  of  the  products  of  combustion  on  which  the  above 

L  \v,Ai.  ba^ed  showing  the  percentage  of  C0>  by  volume  to  be  10*8 

per  cent,  at  the  back  of  the  grate,  which  was  reduced  by  leakage  to 

3**^  |>er  cent-  at  the  chimney*    This  very  large  inleak  of  cold  air  seems 

toevitabk  miih  this  class  of  furnace,  and  wdl,  I  think,  never  be  sufii- 

dentJy   reduced   to  nmke  it  really  economical.      Maintenance  of  the 

inctTiJ  portions  is  iiot  heavy ♦  but  it  is  vital  to  secure  the  greatest  possible 

-r"  iinitv  in  the  sixe  of  the  plates  forming  the  hnksin  the  chain.     Of 

.      ..'  iefiMTess  and  ability  to  deal  with  almost  any  clas5  of  readily 

slated  fuel  there  is  vcrv'  little  question,  hut  being  a  coking  stoker  it 

will  ool  readily  respond  to  a  quickly  varying  load* 

Wbmt  1  have  just  said  about  the  composition  of  furnace  gases  will 
yb/cm   that   I   do  not  agree  witli  Air,   B,    Blount  as   to   what   may  be 
rtpcctcd  when  analysing  the  products  of  combusition  in  a  furnace*     He 
:   iittsficd  with  12  per  cent*  COi  as  a  ||ood  result,  corresponding  to  un 
-'    -f'^Tlvof  about  i'8  times  the  theoretical  amount  required,  and  I 
«il  tind  it  hard  to  make  him  believe  that  from  the  furnace  of  a  boiler 
A  rking  with    mechanieatty  assisted  draught  I  have  found  by  three 
r.rent    methods,  samples    being    taken    simultaneously  from    two 
itiant  parts  of  the  smoke  box^  17  per  cent,  of  CO3  byvolume  and 
¥1  appreciable  CO*     One  of  the  methods  of  determining  the  COj  in 
ituscise  wa.s  by  Anidt's  Econometer*  an  instrument  by  which  the  vary- 
ing percentage  of  COj  tan  be  read  direct  as  easily  as  the  steam  pressure 
"  :id  on  the  pressure  gauge.    Another  form  of  this  instrument  is  the 
jiieter,  aiid  in  my  opinion  some  such  instrument  should  be  in  op  era - 
i.ry  large  boiler-house.     These  instruments  can  be  made  self- 
An   account   of   expcriment*s   on   boilers   tn   which   great 
^  were  found  to  follow^  the  introduction  of   the    Dasymeter 
I  »und  in  a  paper  on  "The  Cost  of   Steam  Raising,'*  by  Carl 
|A  Janiji,  in  Zdt^hrift  dc$   Vcrcinca  Daifsdur  ingcnuurc  of  the  31st  of 
l^H  ^^'f^h*  i^^H«    The  economy  to  be  ohtainetl  by  the  intelligent  use  of  sucli 
i^M  m  apparatus,  Cvpecially  during  periods  of  light  load,  is  considerable, 
g^B  vhilst  the  extra  steam  produced  by  fires  kept  constantly  in  the   best 
^JH  limbic  ordcrr  dttring  periods  of  heavy  toad  is  still  more  valuable* 

\^  !  I  -t     (jn    the    subject  of  furnace  gases^    I    may   refer    to    Mr, 
ii       t  :ii  remarks  on  sampling*    Of  course  this  is  the  diflftcult  matter, 
-    J l;  depends  on  if,  but  the  same  remark  w*ill  apply  to  the 
J  1^1  iM^    '  *lnio*t  cvcrr  3ubshmcc  submitted  to  chemical  analysis,  and 
ti)t  pmsmtiffas  which  arc  recognist^d  us  Au/ficicnt  in  so  many  ca^s 
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ougbt  not  to  miss  the  mark  so  entirely  iri  the  case  of  fumace  gases  as 
Mr,  Stromeycr  would  have  us  believe.    With  all  respect  to  his  great 
experience,  I  would  suggest  to  him  that  the  great  di^repancte;*  he 
found   between   the   re:salls   of    the    chemical   anah^sis   and   his  own 
ccononiiser  method  may  be  due  to  the  fact  that  a^  the  water  would  take 
some  time  in  paiii^ing  through  the  cconomiaicr,  the  effect  of  the  gabies  may 
not  liavc  reached  the  thermometers  when  the  samples  for  analysis  were 
drawn ;  whilst  the  fact  that  the  averaged  result  of  the  two  methods 
agreed  so  wcU  seems  to  show  that  thit>  w«is  really  the  cau^  of  the 
di^repancies.      My  experience    is  that    if  furnace    gases   are    to  he 
analysed,  it  must  be  done  on  the  spot  and  as  soon  as  possible  after  the 
samples   have   been  drawn,  for   even   when  kept  over  mercury  it  is 
diBiicult  to  avoid  leakage.      Extreme  delicacy  of   manipulation  h  not 
required,  as  there  is  no  value  in  any  tignre  in  the  resuJt  of  the  analysis 
after  the  hrst  decimal  place. 

The    points   that    Professor    Perry    mentions   with  regard   to  I  he 
development  and  sale  of  energy  are  in  close  agreement  with  thost' 
which  Mr.  Bryan  Don  kin  has  communicated,  and  some  information  as 
to  coal'te  sting  stations  may  be  found  in  a  paper  by  Mr.  Don  kin  and 
myself,  published  in  vol  cii.  of  tlie  '*  Proceedings  of  the  Institution  of 
Civil  Engineers/'     Professor  Perry  has  emphasised  a  point  which  1  wa$ 
anxious  to  insist  on  in  the  papcT»  viz.,  tliat  many  of  the  costs  of  steam 
vary  with  the  amount  of  fuel  bum ed  rather  than  with  the  quantity  ai 
w^ter  evaporated^  and  I  am  f  liankfuj  to  him  for  the  clear  manner  in 
which  be  has  brought  this  out.     The  further  iigures  that  he  gives  will 
be  studied  with  interest  by  every  producer  of  electric  current  for  puhlic 
supply.      His  remarks   on   boiler   circulation  are  suggesli%'Ct  and  I  he 
importance  of  this  subject  has  been  fully  brought  out  by  ilr.  Geipel, 
whose  ligures  showing  the  temperature  of  the  water  at  the  bottom  of  a 
Lancashire  boiler  must  lie  startling  to  those  who  have  not  looked  into 
this  matter.      I  have  on  several  occasions   made  experiments  which 
amply  confirm  Mr,  Geipcl's  figures.     In  one  instance  with  a  bKDilerof 
Lancashire  multitubular  type*  having  no  external  flues  and  therefore 
not  heated  at  all  underneath,  in  4!  hours  after  the  tires  were  started  the 
water  at  the  bottom  of  the  t>oikT  had  only  risen  from  50"*  to  52*^  F,, 
whilst  that  at  the  working  level  had  risen  from  50"^  to  196*  F*»  in  spite  of 
the  fact  that  to  assist  matters  one-sixth  of   the  total  contents  of  the 
boiler  had  been  rim  out  at   intervals  through  the  blow-out  tap  and 
%vater  of  180"^  F.  ptunped  in  to  take  its  place.    After   trying  without 
success  sevenil  so-called  circulators,  Weir's  Hydro kineters   were  pot 
in»  mid  hy  means  of  them  the  water  in  the  bottom  of  the  cold  boiler 
w;is  both  heated  and  circulated  by  steam  taken  from  the  mains  :  uj 
this  way  it  was  quite  easy  to  heat  up  the  lower  parts  of  the  lK>iler  a(  the 
^ime  rate  as  the  upper  parts.    This  plan  has  been  followed  during  the 
past  nine  years,  and  the  bottom  seams  of  the  boiler  shells  are  in  good 
order,  and  no  re|\iirs  on  them  have  been  necessary,    A  still  better  plitt 
h  to  employ  forced  circulation  by  means  of  a  pump  ;  this  of  necessity  I 
invohes  certain  complications,  but  a  small  centrifugal  pump  andelectrk  I 
moicr  itttd  tlw  necessary  fittings  are  not  great  exlrav^ances  compare*! 
to  fhc  -H^irinji*  of  time  and  dimniuVion  ni  ^rvous  tv^  \VvaI  would  follaw 
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their  use.  I  should  imagine  that  Mr.  Geipel's  circulating  rib,  in  addition  ^r. 
to  a  forced  circulation  such  as  I  have  described,  would  make  a  very 
efficient  combination.  Active  circulation  appears  to  commence  with 
ebullition,  it  is  therefore  an  advantage  to  keep  the  safety-valves  eased 
on  a  boiler  being  put  into  steam,  and  thus  allow  circulation  to  com- 
mence at  as  lour  a  temperature  as  possible. 

The  President  :  It  only  remains  for  us  to  pass  a  very  hearty  vote  2f ,. 
of  thanks  to  Mr.  Holliday  and  to  Mr.  Crompton  for  the  papers  which 
have  given  rise  to  this  interesting  discussion,  which  has  now  lasted  for 
two  evenings. 

Carried  by  acclamation. 

The  President  reported  that  as  the  result  of  the  ballot  the  follow- 
ing gentlemen  had  been  elected  : — 

Associate  Members  : 
George  Cornelius  Berry.  |      Henry  Cuthbcrt  Buckmaster. 

Foreign  Member: 
William  Janus  Schonau. 

Associate  : 
Edward  Henrj*  Johnson. 

Student : 
Andrew  William  Barrett. 
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The  Three  Hundred  and  Thirty-Eighth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  evening,  December  14th,  1899,  Professor 
Silvanus  P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  Minutes  of  the  Ordinary  General  Meeting  held  on 
December  7th  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council,  viz. : — 

From  the  class  of  Associates  to  that  of  Members — 

\V.  C.  Mountiin. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

Leonard  L.  Joseph. 

Mr.  H.  T.  Harrison  and  Mr.  E.  V.  Graham  were 
appointed  scrutineers  of  the  ballot  for  new  members. 

Donations  to  the  Library  were  announced  as  having 
been  received  since  the  last  meeting  from  Messrs.  Whit- 
taker  and  Co.,  to  whom  the  thanks  of  the  meeting  were 
unanimously  accorded. 

The  President  :  I  have  to  announce  that  a  very  im- 
portant piece  of  progress  has  been  accomplished  since  the 
last  meeting  of  the  Institution.  In  pursuance  of  the  policy 
which  the  Council  of  the  Institution  has  had  before  it  for 
some  time,  we  have  been  promoting  the  organisation  of 
lociil  centres  both  within  the  United  Kingdom  and  without. 
We  have  had  three  petitions  in  form  from  in  each  case  more 
than  tifty  persons,  acting  members  or  eligible  to  join,  for 
the  creation  of  Local  Sections  respectively  in  Xewcastle-on- 
Tyne  and  its  neighbourhood,  in  Dublin  for  Ireland,  and  in 
Glasgow;  and  the  Council  to-night,  acceding  to  the  prayer 
of  the  scveml  n^titions,  has  created  \\\ose  \V\v^e  local  centres. 
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A  further  petition  from  a  smaller  number  of  persons  in  Cape 

^^own  hus  been  before  the  Council,  and  the  Council  has 

^Hp-night  decided  to  create  a  local  section  in  Cape  Town,  so 

^Hpal  the  Articles  of  Association  which  were  formulated  with 

^^e  view  of  canning  out  this  organisation  eighteen  months 

ago  have  now  come  into  operation,  and  the  local  centres 

are  acluaHy  created  before  the  expiration  of  the  year  1899, 

^_      It  may  be  well  that  members  should  know  at  the  earliest 

^^portnnity  that  the  Council  has  further,  on   the  recom- 

ntendation  of  its   Finance  CommiUee,  taken   the   step  of 

iransf erring  investments  from  its  general  fund,  amounting 

to  over  ;^ip437,  to  the  Building  Fund,  which  now  therefore 

stands  practically  at  £*7,ooo. 

I  have  now  to  call  upon  Mr.  Hope*|ones  for  hib  paper, 

ELECTRICAL   TIME-SERVICE, 

By  F.  Hope- JONES, 

The  subject  of  this  paper  has,  I  believe,  never  before 
appeared  in  the  Proceedings  of  the  Institution  of  Electrical 
Engineers,  presumably  because   electric  clocks  have  until 

iiiite  recently  been  considered  little  more  than  interesting 
lys,  or  at  any  rate  have  not  achieved  that  measure  of 
access  which  alone  makes  the  wholesale  distribution  of 
me  possible ;  the  Electrical  Engineering  Profession  as 
jch  has  consequently  had  no  occasion  to  deal  with  it, 
!n  the  first  place,  let  there  be  no  mistake  as  to  the  im- 
ortance  of  the  subject.  The  advantages  of  an  organised 
^rvice  of  uniform  and  accurate  time  make  an  apology  for 
giving  it  an  evening  at  the  Institution  quite  unnecessary, 
provided  it  is  not  a  mere  dream,  but,  as  1  maintain,  within 
our  reach.  Time-keeping  is  essentially  one  of  those  things 
that  can  be  done  much  better  by  a  Municipality  or  a 
Company  than  by  the  individual.  What  is  every  ones 
bustntrss  is  nobody  s>  There  is  ^lot  an  argument  in 
favour  of  the  public  supply  of  such  commodities  as 
electricity,  gas,  or  water,  which  does  not  apply  with  equal 
or  even  greater  force  to  the  distribution  of  time.  Anything 
like  correct  measurement  of  time  is  a  delicate  operation,  so 
difhcult  indeed  that  absolute  accuracy  is  impossible  even 
with  Ibc  aid  of  anrehilly  cowpGosated  seconds  pendulums 
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in  our  observatories.  How  then  can  we  expect  to  do  it 
for  ourselves  in  ever>*  room  and  in  ever>*  office*  with  clocks 
in  which  the  length  of  the  pendulum  and  the  quaht\'  of  the 
works  are  sacrificed  to  the  ornaments  of  the  cases  t  Yet  we 
grumble  at  them  unjustly,  and  go  on  using  them™so  true  is 
it  ^1  the  world  over,  but  particularly,  I  fear,  in  England,  that 
in  the  trivia]  and  common  things  of  daily  life  we  are  con- 
tent with  inefficiency,  and  submit  to  many  of  'Mifes  little 
worries*'  through  tlioughtlessness  or  the  want  of  energ>* 
and  concerted  action. 

We  have  not  made  much  progress  in  obtaining  uni- 
formity since  Charles  V.  of  Spain  went  mad  in  the  attempt, 
and  it  seems  stmnge  that  electricians  have  not  accomplished 
it  before,  when  we  recollect  that  they  have  been  at  it  since 
the  beginning  of  the  present  reign,  since  the  earliest  days  of 
telegraphy. 

Alexander  Baix  began  to  think  about  it  in  1837.  In 
1846  his  sj-stem  was  in  use  between  Glasgow  and  Edinburgh, 
and  he  had  an  attractive  showroom  of  electrically-driven 
synchronous  clocks  in  Old  Bond  Street  at  a  date  when  it 
was  necessary  to  devote  a  chapter  in  his  description  of  them 
to  an  **  Explanation  of  the  electro-magnet/' 

Sir  Chas,  Wheatstoxe  and  R,  L,  Jones's  systems  were 
almost  as  early  as  Baik'Sj  and  C.  Shepherd,  some  of  whose 
work  may  yet  be  seen  in  Greenwich  Observatory,  installed 
a  time-circuit  of  eight  dials  in  the  offices  of  Messrs.  J,  F, 
Pawson  &  Co.,  in  SL  Pauls  Churchyard,  in  1849.  On  the 
Continent  we  find  that  M.  Paul  Gaknter  (a  veteran  in  the 
service  of  '*  Time/*  whom  I  had  the  pleasure  of  meeting 
in  Paris  last  year)  devised  a  system  in  1850  which  was 
applied  to  eighteen  clocks  in  the  Lille  railway  station  in 
1855;  and  again  M.  Breguet,  whose  ingenuity  provided 
seventy-two  synchronous  clocks  in  the  streets  of  Lyons 
in  1856, 

With  such  early  and  creditable  pioneering  work  before  us 
in  the  middle  of  the  century^  I  think  we  should  have  made 
more  progress  before  its  close.  Of  that^  however,  you  will 
be  a  better  judge  than  un  avowed  champion  of  the  cause, 
and  it  is  only  for  me^  in  this  short  paper,  to  summarise  and 
dispassionately  review  the  various  systems  forming  the  steps 
in  tliat  advance,  to  point  out  carefully  the  conclusions 
which  a  study  of  their  theory,  and  a  practical  acquaintance 
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With  their  working,  leads  me  to  form,  and  finally  to  describe 
my  contribution  to  the  subject  and  the  system  which  I 
advocate. 

In  substantial  agreement  with  Drs,  ToBLER  and 
SCHELLEN,  M.  Favarger,  and  other  authors  on  the  sub- 
ject, 1  adopt  the  following  general  classification  of  electric 
clocks : — 

(i)  Independent,  seU-contained»  self-wound  clocks. 
{2)  Systems  of  clocks  connected  together  by  a  line. 
In  sach  s\^tems  a  ** regulator/'  ** controller,*'  or  *' master" 
clock  (whether  self-wound  or  key-wound)  is  invariably  used 
to  send  out  electrical  impulses  (a)  correcting  or  synchronis- 
ing ordinary  clocks,  or  (6),  directly  propelling  the  hands, of 
**  subsidiary*,  *  **  secondary,"  "receiver,**  or  "indicator*'  dials. 
In  Class  I  the  main  object  is  to  save  us  the  trouble  of 
winding  our  clocks  up  once  a  week.  When  properly  applied, 
electricity  performs  this  operation  better  than  we  can  do  it, 
for  a  clock  is  an  organism  which  likes  its  feed  of  power  in 
small  and  equal  instalments  meted  out  to  it  with  perfect 
regularity- 

The  first  self* wound  clocks  were  by  Baix  and  Jones, 
who  applied  electro-magnetic  attachments  to  the  bob  of  the 
pendulum,  which,  in  obedience  to  contacts  connected  to  the 
l>endulum  itself,  attracted  it  to  and  fro.  The  wheel- work  of 
'be  ordinarj'  clock  w^as  retained,  but  the  escapement  modi- 
fied to  enable  the  pendulum  tu  drive  it,  instead  of  the 
\»  heel -work  driving  the  pendulum*  In  addition  to  tlie 
theoretical  objection  that  the  free  action  of  gravity  is 
interfered  with  when  the  impulses  are  applied  to  the  lower 
tnd  of  the  pendulum,  there  is  the  practical  difficulty  of 
iibtaini ng  a  satisfactory  working  contact  off  the  moving 
pendulum,  and  the  fact  that  fluctuations  of  battery  neces- 
xirily  \'ancd  the  uiipulse. 

In  1856,  M.  FOUCAULT  devised  a  most  ingenious  method 
n.(  obtaining  a  firm  contact  from  each  vibration  of  the 
pendulum,  w^hich  device  was  improved  upon  and  adapted 
to  a  self-wound  clock  by  Dr-  HlPP  in  the  same  year,  and  has 
'^ince  l»ecome  well  known  as  HlPP*S  **  Electric  escapement." 
li  consists  of  a  little  pallet  pivoted  upon  the  pendulum  and 
^^inging  freely  over  a  pair  of  contact  springs-  The  upper 
spring  IS  provided  w^ith  a  notclied  block  which  catches  the 
pallet  and  is  depressed  hy  (be  pendulum  when  the  arc  ot  W^ 
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vibration  has  fallen  too  low*  An  armattire  is  fixed  to  the 
lower  end  of  the  pendulum^  and  the  contact  momentarily 
completes  llie  circuit  of  a  magnet  placed  immediately  under- 
neatli  it*  1  show  you  an  example  of  this  in  one  of  the 
earliest  instruments  made  by  Dn  HiPP,  and  in  the  latest 
improved  form  devised  by  Mr,  T.  J.  MuRDAY  for  the  self- 
winding integrating  meter  of  Messrs,  Johnson  and  Phillips, 
The  same  device  has  doubtless  had  many  other  applications  • 
since,  I  last  saw  tt  in  use  as  a  gas-engine  regulator,  Hipp's 
electrical  escapement  satisfactorily  disposes  of  the  first 
difficulty  I  mentioned— that  of  obtaining  a  good  contact 
off  the  pendulum,  and  almost  meets  the  second  objection 
by  increasing  the  frequency  of  the  impulses  automatically 
and  in  exact  proportion  to  their  lack  of  strength.  It  is  so 
successful  that  many  Continental  observatories  use  it  in 
preference  to  key-wound  regulators  for  accuracy  of  time* 
keeping. 

A  more  common  form  of  self-wound  clock  is  that  in 
which  an  ordmary  8-day  timepiece  has  electro-magnetic 
power  periodically  applied  to  its  wheel-work  in  place  of  a 
spring  or  weight,  the  electro-magnet  or  motor  being  con- 
trolled  by  a  contact  operated  by  one  of  the  wheels  of  the 
clock-train,  I  show  you  the  works  of  an  American 
self-waund  clock  invented  by  H.  Ch esters  Pond  as 
typical  of  this  class.  It  is  driven  by  a  toy  electro-motor 
which  winds  up  a  spring  every  houn  One  naturally  doubts 
the  stability  of  its  contact  made  off  the  going  train  when  the 
spring  power  is  at  its  weakest,  the  efficiency  of  such  a  small 
motor  and  its  silence  after  running  for  a  few  months,  and 
perhaps  faults  of  this  nature  were  contributory  causes  to  tlie 
failure  of  the  English  Company  which  was  formed  to  put  it 
on  the  market  in  this  country  in  1885/  Sir  William  Preece 
presented  one  of  them  to  the  Institution  in  1888,  and  we 
may  safely  assume  that  the  reason  it  is  no  longer  in  use  is 
that  the  replenishing  of  the  battery  and  the  attention  to  the 
contacts  has  been  found  in  practice  to  be  more  troublesome 
tlian  weekly  winding. 

Other  self-wound  clocks  which  should  be  mentioned  are 

those  of  Shepherd,  Brhgcet,  Victor  Rkclus  of  Paris,  Van 

DEH  PuiNCKE  of  Brussels,  Warxer  of  Waterbury,  U-S.A., 

Lord    Kklvix,   Dr-   LiFPMAXN  and    Dr.  Aarox  of  Berlin, 

but  i\v  slmll  have  occasion  to  refer  to  them  later  on  under 
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Class  2  6.  To  these  1  could  add  the  names  of  many  other 
inventors,  the  evidence  of  whose  ingenuity  is  only  to  be 
found  in  Patent  specifications.  With  my  notes  before  me 
of  some  two  hundred  British  patents  on  the  subject  appUed 
for  during  the  Inst  thirty  years,  it  would  seem  that  the  idea 
of  self- wound  clocks  was  fatally  alluring  to  the  dreamer  in 
search  of  perpetual  motion  who  has  done  so  much  to  swell 
the  revenue  of  the  Patent  Office* 

These  inventionSp  however,  do  httle  more  than  save  us 
the  trouble  of  winding  up  our  clocks,  and,  except  in  the 
case  of  electric  meters,  I  should  not  be  suq>rised  wQve  you 
to  class  them  ah- — even  the  best  of  them— as  misapplied 
jngenufty-  It  is  true  tliat  in  the  case  of  Hipp  and  one  or 
two  others  greater  accuracy  of  time-keeping  incidentally 
results,  but  if  that  cannot  be  communicated  to  and  re* 
presented  upon  a  number  of  dials  its  benefit  is  very  limited. 
Inasmuch  as  it  is  impossible  to  make  an  absolutely  accurate 
timekeeper  whatever  expense  and  care  may  be  lavished  upon 
it — and  its  error  is  necessarily  cumulative — it  will  not  suffice 
merely  to  improve  the  standard  and  quality  of  our  ordinary 
clocks  ;  we  must  strike  at  the  root  of  the  evil — their  imtepen- 

We  therefore  turn  to  Class  2,  which  sinks  the  individuality 
of  a  group  of  clocks  by  making  them  subservient  to  one 
master.  Let  us  take  first  those  methods  in  which  the 
Controller  sends  out  an  impulse  on  a  line  to  {a)  correct  or 
s}*nchronise  existing  clocks,  R,  L,  JoxES  accomplished 
this  in  1858  by  making  contact  every  second  in  the  master 
clock  to  control  the  vibration  of  subsidiary  pendulums  by 
means  of  electro-magnetic  attachments  to  their  bobs ;  and 
this  method,  improved  upon  and  made  by  Messrs.  Jas» 
RiTCHiK  &  Son  of  Edinburgh,  is  in  regular  use  in  many 
K%i  our  observatories*  It  is,  however,  found  incapable  of 
application  to  a  number  of  clocks  in  one  circuit,  though 
well  adapted  for  keeping  a  small  group  of  high -class 
regulators  in  sympathy,  beat  for  beat.  In  this  system  it  is 
oecessarj^  tliat  the  pendulums  which  are  to  be  synchronised 
be  regulated  in  the  first  place  to  considerable  accuracy ;  as^  of 
course,  the  more  they  are  out  of  sympathy,  the  more  will  the 
electro-magnet  be  required  to  interfere  with  the  free  action 
of  gravity.  A  temporar^^  cesi^ation  of  the  seconds  synchro- 
aising  currents  often  allows  :i  peodn/um  to  get  so  f;y:  oul  ^^ 
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phase    that,  when   re-estab!bhed»    the  electrical   impulses 

directly  oppose  its  swing  and  bring  it  to  a  standstill.    After 

L  several  years*  trial  with  a  clock  at  London  Bridge,  controlled 

t  from  Greenwich  in  this  way,  the  late  Mr*  C,  V,  Walker  gave 

it  tip  as  tnipracticable* 

Another  class  of  synchronisers,  far  more  suitable  for 
wholesale  application,  is  that  in  which  a  standard  clock  sends 
out  impulses  at  longer  intervals,  usually  every  hourf  to 
forcibly  pull  the  hands  of  independent  clocks  into  s}*nchro- 
nisation  by  the  armature  of  an  electro-magnet  fitted  to  each. 
I  Bai?<  employed  the  stabbing  action  of  a  V-shaped  notch 
I  (operating  upon  a  pin  on  the  minute-hand  at  each  hour) 
F  for  this  purpose  in  1843,  and  it  is  fully  descril>ed  in  a 
pamphlet  of  that  date,  **  On  the  Application  of  the  Electric 
Fluid  to  the  Useful  Arts."  Ritchie  revived  this  method 
in  1876P  but  renounced  it  in  favour  of  giving  the  clocks  to 
be  synchronised  a  permanent  going  rate  and  stopping  their 
hands  or  their  scape- wheels  by  armatures  interpi>sed  thirty 
seconds  before  the  hour  and  iibei^ted  exactly  at  the 
hour.  In  the  meantime^  however,  LCXD  was  patenting  a 
^Tiriety  of  devices  for  correcting  the  hands«  and  his  name  will 
always  be  associated  with  the  Eiectro-magnetic  Clip,  which, 
10  response  to  an  impube  transmitted  every  hour,  grips  the 
minute  hands  of  a  number  of  clocks,  pulling  them  forward 
if  slow  and  backward  if  fast.  An  exhaustive  paper  on  this 
subject  was  read  by  him  before  the  Society  of  Telegraph 
Engineers  in  1881,  and  we  have  to  thank  the  Standard 
Time  Co.*  Ltd.^  for  the  sur\i%*al  of  this,  the  fittet>t  5;\^tem, 
Their  central  station  at  ig  and  21^  Queen  Victoria  Street, 
E.C,  is  equipped  with  two  steel  and  mercurj^  regulators  of 
the  highest  qu;ility,  which  are  kept  very  close  to  time  by 
daily  comparison  with  a  special  Greenwich  time  signal. 
Both  of  these  regulators  make  a  contact  of  one  second 
duration  ever\'  hour^  bui  only  one  of  them  takes  the  load, 
the  other  being  held  in  reserve  and  automatically  switched 
in  by  a  sentinel  clock  in  the  event  of  the  working  regulator 
stopping-  The  hourly  contacts  operate  relays,  which  send 
out  impulses  in  all  directions  over  London  correcting  a 
large  number  of  clocks,  deflecting  galvanometer  needles  or 
ringing  single-stroke  bells.  If  it  were  not  for  this  service 
we  should  have  nuthiiig  but  the  Greenwich-time  signals 
stipptied  to  a  few  oi   the    Icaditig  clockxnafeers  and  dis- 
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^miiuitecl  to  the  principal  provtncial  post-oftices  over  thb 
telegraph  lines  from  St.  Marti n's-Ie-Grand  at  lo  a*m*  or 
1  p,ra.  Since  the  inauguration  of  the  Company  in  1886,  I 
understand  that  their  rentals  have  been  steadily  increasing 
in  spite  of  the  difficolties  incidental  to  overhead  hne^.  As 
1  shall  have  something  to  say  later  on  in  criticism  of 
synchronisation  in  general,  it  is  tilting  that  1  should  express 
the  obligation  we  are  under  to  this,  the  only  system  of 
Public  Time  Distribution  in  London* 

It  will  be  observed  that  in  all  synchronisers  the  complete 
key-wound  clt^ck  is  retained,  the  sok-  use  of  the  line  being 
to  correct  its  errors  periodically,  Tiie  one  advantage  in 
such  5\*stems  i&  that  each  dial  has  a  life  of  its  own  and  will 
continue  10  go  if  the  line  breaks  down.  But  this  argument 
in  thar  favour  only  applies  in  these  degenerate  days  when 
we  %*alue  truth  so  little  that  we  prefer  a  clock  which  goes 
even  inaccurately  to  a  stopped  one.  The  greatest  objec- 
tion to  synchronisation  is  the  small  use  to  which  the  lines 
are  put.  In  telegraphy  our  energies  have  for  years  been 
almost  exclusively  concentrated  upon  increasing  the  trans- 
mitting aipacity  and  the  load  factor  of  the  line.  Of  course 
uu  such  problem  occurs  in  the  electrical  distribution  of  time, 
tar  we  are  not  likely  under  any  circumstances  to  require 
signals  of  greater  frequency  than  15  seconds,  but  the  com- 
mercial argument  is  the  same.  Why  use  the  line  only 
once  an  hour  to  correct  key-wound  clocks,  instead  of  using 
it  every  minute^  half-minute,  or  quarter-minute  to  directly 
propel  the  hands^  I  hereby  dispensing  with  clock-works  and 
the  necessity  of  winding  them  up  ? 

It  is  this  Consideration  which  forces  us  to  the  conclusion 
that  for  practical  and  wholesale  distribution  of  time^we  must 
look  to  that  class  of  electric  clocks  referred  to  as  2  b^  in 
which  a  controller  sends  out  frequent  impulses  to  directly 
propel  the  hands  of  large  numbers  of  indicator  dials.  Let 
u%  now  consider  the  work  that  has  been  done  on  these  lines. 

One  would  ihtnk  that  no  niechunical  problem  could  be 
more  easy  than  that  of  rotating  pointers  synchronously  in 
.'  -1/  ti>  periodic  contacts.     Surely  a  simple  step-by-step 

r  J  at  consisting  of  a  magnet  pulling  a  lever  against  a 

spring  and  a  click  on  the  lever  engaging  a  ratchet  wheel  so 
as  to  pick  up  one  tooth  at  each  vibration,  would  suE&ce. 
Vet  It  IS  not  so.     Tins  has  b^t^ii  the  most  difficult  prob\em 
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in  the  whole  sub|ecl ;  in  fact,  it  is  one  ot  Ihe  principal  rocks 
ttpon  which  so  many  systems  have  split,  leaving  the  shores 
streu^n  with  the  wreckage  of  fruitless  inventions  and  farhtreSf 
resulting  in  a  deep-rooted  prejudice  against  this  use  of 
electricity. 

The  simplest  form  of  electro-magnetic  time  counter  or 
"Dial  movement"  is  shown  in  Fig.  i,  in  which  A  is  the 
ratchet  wheel  to  be  propelledp  carrying  the  minute-hand, 
B  the  rocking  armature  lever,  C  the  propulsion  click,  and 
D  the  backstop.  This  movement  (ails  because  there  is 
nothing  to  prevent  the  wheel  A  shooting  forward  more 
than  one  tooth*  The  momentum  of  a  minute-hand  is  con- 
siderable^ and  its  velocity  is  greatest  at  the  end  of  its 
journey  ;  it  is  therefore  necessary'  to  provide  a  ''  stabbing  ** 
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click  to  prevent  it  overshooting,  which  is  shown  in  clotted 
lines  at  E, 

The  time  counters  of  Messrs.  Alex.  Bais,  Pall  Garxier. 
Reclus^  Froment,  Robert- Hocoin\  Detocche^  Milde^ 

COUK,  LlAlS,  WARNERp  JOYCE,  POTTS,  STOCKALL,  GEXT, 
and  others,  are,  with  slight  \"ariations,  identical  in  principle 
i*4th  Fig.  1,  Theoretically  this  method  is  correct,  but  it 
has  met  with  so  little  practical  success  that  we  must  conclude 
it  is  a  form  ilt-adapted  for  wholesale  manufacture.  I  believe 
the  difficulty  lies  in  the  luechanical  accuracy  necessary  to 
make  three  pallets  exactly  in  phase  with  the  teeth  of  a 
ratchet-wheel  when  they  are  placed  widely  apart  on  the 
circumference.  That  there  are  difficulties  which,  rightly  or 
UTon|fly,  were  considet^d  insurmountable*  seems  clear  from 
the  naajher  of  less  simple  dwccs  lW\  W\^  ^'acc   been 


ftj  ELECTRtCAL  TIME-SERVlCg.  m 


^Knvented  to  obtain  the  same  result.  If  it  were  not  for  this 
^^pirely  the  ieitricate  and  costly  hydro-pneLimattc  system  of 
^V^HARLES  A.  Maykhofer  would  never  have  been  devised,  nor 
even  tJie  Popp  pneumatic  system  of  Paris,  for  we  cannot 
-eriously  admit  the  rivalry  of  pneumatics  for  transmitting 
small  impulses  to  long  distances.  And  again,  innumerable 
compHcated  electrical  step-by-stcp  movements  have  since 

■leen  devised,  such  as  those  containing  the  double  impulsion 
lick^  with  reversed  motions  of  MM.  Nollet,  Bkeguet, 
md  DETOircHE,  and  the  weighted  fly-wheel  of  VAN  DER 
LAXCKE.  In  the  latter  system,  the  property  of  La  Precision 
ie.,  of  Brussels,  and  in  thi^  country  from  1893  to  1898  of 
the  Electrical  Time  Recording  Co.,  Limited,  a  sample  of 
whose  instruments  is  shown,  the  armature  of  an  electro- 
magnet hits  with  a  percussive  blow  an  imevenly  weighted 
baJance-wheel,  causing  it  to  make  one  complete  revolution, 
which  is  geared  down  through  a  train  of  wheels  to  produce 
^a  half-minute  movement  of  the  minute-hand* 
^^P  Assuming  that  simplicity  is  commonly  revered  for  its 
own  sake,  we  must  suppose  also  that  the  difficulties  of 
king  a  step-by-step  movement  of  this  simple  form  that 
ould  neither  trip  nor  overshoot,  yet  would  be  safely 
a  ted  by  a  periodic  current  sent  in  one  direct!  on  ^  drove 
me  inventors  to  use  polarised  or  rotary  armatures  and 
rrents  alternately  reversed.  Sir  Charles  Wheatstone 
in  1840,  recognising  also  the  difficulty  of  making  reliable 
periodic  contacts,  generated  alternate  currents  by  means  of 
the  pendulum  bob  of  his  controlling  clock,  which  was,  in 
fact,  a  magneto-electric  machine  driven  by  an  enormously 
heavy  weight  wound  up  by  hand.  The  armatures  in  his 
dials  revolved  once  for  every  connplete  vibration  of  the  pen- 
dulum of  the  master-clock,  and  were  geared  to  the  minute- 
hand  through  a  train  of  wheels-  Truly  this  was  an  ideal 
v'stein*  Absolute  uniformity  of  fifty  clocks,  only  one  of  which 
requires  winding  up,  and  no  batteiy  is  needed  1  But  it  was 
built  upon  a  foundation  of  sand.  It  required  that  a  time- 
keeping pendulum  should  serv^e  also  as  a  magneto-electric 
generator,  and  unfortuaatcly  tliat  was  impossible. 

Bain   operated  subsidiary    dials   from   his    self- wound 
clocks  on  similar  Unes^  but  with  this  important  difference, 
that  he  recognised  the  necessity  of  a  battery  as  the  source  of 
er;  ;ind  RrrcHiE  also,  in  i8j3,  used  alter  nale  cuvr*iuV^ 
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to  propel  subsidiary  pendulumb^  wliich  revolved  the  hands 
upon  their  dials* 

The  rotary  armature  has,  however,  survived  in  the  system 
of  Grau,  commercialised  by  C.  Theod.  Wagner,  of  Wies- 
baden, which  has  received  considerable  support  on  the 
Continent,  and  is  now  represented  in  this  country  by  the 
General  Electric  Co.,  Ltd,,  to  whom  I  am  indebted  for 
the  models  which  1  show  you.  Another  alternate  system 
which  has  had  its  share  of  success  is  that  of  Dr*  HlPP 
(whose  self- wound  pendulum  has  already  been  not  iced  J » 
CfHiimercialised  by  Pever,  Favakgkr  &  CiE.,  of  NeuchateL 
In  this  system  the  dials  are  provided  with  a  polarised 
armature,  which  rocks  an  ordinary  pallet  staff  engaging 
with  a  crown  wheel  as  in  a  verge  escapement. 

Advocates  of  systems  in  which  the  direction  of  the 
current  is  alternately  reversed  will  perhaps  demur  at  my 
suggestion  that  their  method  had  its  origin  in  the  difliculty 
of  designing  a  satisfactory  single-acting  step-by-step  motion. 
Two  arguments  in  their  favour  can  be  advanced — (i)that 
the  receiver  dials  are  not  readily  susceptible  to  intermittent 
contacts,  should  any  sucli  occur  In  the  controlling  clocks ;  and 
(2)  that  no  special  care  is  required  to  make  the  action  silent^ 
owing  to  the  movement  of  the  armature  being  slow  and 
not  suddenly  arrested  by  a  fixed  stop.  I  admit  these  advan- 
tages, but  they  constitute  no  argument  against  the  more 
simple  form  of  counter,  provided  a  reliable  one  can  be 
designed  and  a  safe  and  iion*intermittent  contact  can  be 
obtained  to  operate  it. 

The  production  of  such  a  contact  has  been  anotlier 
great  stumhling-block,  and  innumerable  methods  have  been 
devised  whereby  the  wheel- work  of  a  master-clock  shall 
perform  the  duty.  The  difliculty  of  course  lies  in  the  fact 
that  at  tlie  scape -wheel  end  of  the  clock  train  there  is  very 
little  power  available  for  such  a  purpose,  and  what  there  is 
can  ill  be  spared  from  the  primary  and  all-important  duty  of 
imparting  equal  impulses  to  the  pendulum.  In  some  cases, 
notably  in  this  regulator  movement  of  WAGNER,  a  separate 
train  of  wheels  supplies  the  power  required  to  send  out  the 
contacts,  tins  I  rain  being  let  off  by  the  going  train  at  its  side 
much  in  the  same  way  as  a  striking  gear  is  operated  in  an 
ordinary  clock.  The  best  method  of  obtaining  a  contact  at 
regular  periods  off  a  pendulum  cWck  iVvuX  V  Vtuvc  ev^t  met 
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^ith  is  an  unptiblished  invention  of  Mn  T,  J.  MURDAY,  and 
f  ha\"e  his  pemiission  to  describe  it.  In  Fig,  2,  A  is  a  pen- 
dulum, whose  vibrations  are  maintained  by  any  means, 
whether  elec(ri<^l  or  mechanical  does  not  now  concern  us^ 
and  B  is  a  gravity  arm  bearing  against  it  and  carrying  a 
pawl  C,  which  rotates  the  disc  D  one  step  at  each  vibration. 
The  free  arm  E  is  normally  supported  by  the  disc  D,  on 
which  it  rides  backwards  and  forwards  with  each  swing  of 
the  pendnlum^  until  the  notch  in  the  disc  allows  it  to  fall. 


flicn  it  charges  fuH  tilt  into  the  contact  springs  F  with  the 
whole  weight  of  the  pendulum  behind  it- 
Having  now  reviewed  the  work  of  others  and  given,  1 
hopt;,  a  clear  idea  of  I  he  progress  achieved  and  the  difiicul- 
ties  that  still  have  to  be  overcome,  I  must  here  express  my 
I  as  to  which  of  the   many  suggested  methods  is 
1,  perhaps  after  further  palient  improvement,  to  give 
us  Houjic  to  House  Time  Service, 

I  consiifer  t/jnf  the  c^ne  for  **  one-wheel  '*  step-b^*s.Vep 
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dials  o^ienited  by  a  central  clock  is  overwhelming  on  the 
grounds  of  simplicity"  and  economy,  provided  that  a  good 
contact  for  transmitting  the  impulses  and  a  reliable  dial 
movement  of  that  simple  form  can  be  secured,  and  my 
contributions  to  the  subject  lie  in  this  direction. 

In  the  system  which  I  advocate  the  self- wound  central  or 
controlling  clock  has  but  one  duty  to  perform,  viz.,  to  make 
and  break  an  electrical  contact  every  half-minute,  and  1 
prefer,  therefore,  to  call  it  an  "automatic  timed-switch/* 
Such  an  instrument  necessarily  requires  the  combination  of 
the  essentials  of  a  good  switch  and  those  of  a  good  clock- 

I  believe  I  am  right  in  saying  that  in  the  systems  1  have 
named  that  combination  has  not  been  effected  without  one 
or  other  of  the  essentials  suffering.  Either  the  switch  is 
inefficient  through  lack  of  power,  or  the  safe-going  and 
time-keeping  of  the  clock  are  in  jeopardy  owing  to  this 
extraneous  duty  being  required  of  it.  In  the  instrument 
shown  in  Fig,  3,  however,  this  is  not  the  case,  A  is  z 
pendulum  driven  by  an  escapement  B  in  the  usual  way* 
The  necessary  turning  force  is  applied  to  the  scape-wheel  by 
means  of  the  weighted  lever  C»  which  in  falling  through  a 
small  arc  communicates  its  power  tli rough  a  click  and 
ratchet  to  wheel  D  gearing  with  the  scape-wheeL  E  is  an 
armature  centred  at  F,  As  the  weighted  lever  falls  in  its 
action  of  driving  the  pendulum,  its  lower  limb  meets  the 
contract  screw  G  in  the  tail  of  the  armature,  and  the  circuit 
of  the  electro-magnet  and  of  a  large  group  of  dials  in  series 
with  it  is  closed  by  the  contact  of  these  two  parts.  The 
weight  is  then  thrown  up  and  its  momentum  causes  a  quick 
break  as  the  insulated  screw  H  comes  into  action  and  the 
armature  is  stopped  by  the  poles  of  the  magnet* 

This  instrument  has  therefore  the  two  essentials  of  a 
good  switch — a  severe  rub  and  thrust  and  a  quick  break. 
It  will  be  noticed  that  the  switch  consists  of  two  moving 
parts,  the  armature  which  drives,  and  the  weighted  lever  which 
is  driven,  and  that  the  entire  tnergy  required  to  keep  the 
pendulum  ^wtngtuji  is  niechanicatly  irausmiffed  through  the 
surfaces  of  the  couUici  at  each  operaiion.  Thanks  to  this 
all-important  principle,  I  have  never  known  one  of  these 
contacts  to  fail,  though  some  hundreds  of  them  have  been 
in  use  for  &e\'eral  years  under  conditions  in  which  a  relay 
contact   trould  have  struck  work    m   ;v  month    or    two. 


Fig,  3. 


riic*w  3*  4  *"*^  5  ^re  tlic  subjtt'^s  of  p.itents  gmnted  to  F,  Hope-]ones^  snd 
"■    ikm^U  .t/3«/  are  nTf^^dittx-d   by  permhsion  o(  ihc  Syncbrrmt^iitvc 
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Incidentally  this  automatic  switching  operation  is  used  to  ■ 
provide  a  power  of  absolute  constancy  to  maintain  the  \ 
vibrations  of  a  pendulum  by  throwing  up  the  weighted 
lever  C  every  half-minute,  and  thus  it  also  possesses  the 
greatest  essential  of  a  good  clock. 

For  operating  any  circuit  of  step-hy-step  movements  the 
ordinary  relay  form  of  contact  which  has  invariably  been 
used  before  is  to  my  mind  quite  unsuitable.  Apart  from  the 
insufficiency  of  the  rub  and  thrustp  its  duration  has  always 
been  arbitrarily  decided  by  guess-work.  Obviously  if  the 
contact  is  too  short,  the  least  sensitive  of  the  dials  wnll  no! 
respond  to  it,  H  too  long,  there  will  be  a  considerable 
waste  of  electrical  energ>%  and  we  must  not  forget  that  the 
i^xact  duration  required  %-aries  in  every  installation  according 
to  the  lime-constant  of  the  entire  circuit. 

Now  in  this  automatic  timed-switch  it  will  he  obser\*ed 
that   the  chiration  of  the  contact   is  dependent   upon   an 
electro-magnet  placed  in  series  with  all  the  magnets  it  has 
to  control  ;  its  duration  is,  therefore,  in  txaci  pwporiion  to 
and  depemkni  upon  the  time-constant  of  the  entire  circuit. 
It  is  easy  so  to  adjust  the  weight  of  the  two  moving  members 
of  the  switch  and  the  ampere-tiuns  and  self-induction  of  the 
electro-magnet  which  is  employed  to  overcome  their  inertia, 
that  tlie  break  cannot  occur  until  the  electric  inertia  of  the 
whole  circuit  has  been  overcome,  and  every  dial  in  it  has 
had  exactly  what  it  wanted.     As  illustrating  the  perfect  self- 
adjustment  of  the  duration  of  the  contact  under  all  circum- 
stances  when  performed  by  tliis  insti^uraent,  let  me  instance 
its  operation  in  the  numerous  time-circuits  where  an  electric 
light  supply  is  used  as  the  motive  power  through  an  incan- 
descent lamp  as  a  working  resistance ;  in  these  circumstances 
the  switch    autontatically  proportions    its    supply   to    the 
requirements  of    its  circuit    by   breaking  contact    at    the 
moment  when  tlie  lamp  filament  has  become  sufficiently 
heated  to  allow  the  necessary  current  to  pass.    The  gradual 
rise  in  current  secured  in  this  u*ay,  and  the  sudden  break  at 
exactly  the  right  monicnt^  is  in  e\*ery  way  t)eneficial.     The 
former  is  conducive  to  silence  in  the  action  of  the  dials,  and 
the  latter  ensures  economy.   Again,  in  time^circuits  operated 
by  a  primary  b;ittery,  as  the  internal  resistance  of  the  cells 
me^  the  duration  of  the  contact  will  increase^  and  tlie  dials 
will  cnntmiiv  to  operate  in  spile  ol  ;\  com\A«T^W^  drop  in 
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Fig.  4  ^o\4^  Ihe  sicp-by-stcp  movemeni 
inagnebc  time  counter  operated  erery  batf-miiitile  tsy  tlic 
switdi  desoibecL  It  is  oi  SQch  simplicif y  that  1  sbonM  led 
diffident  in  bringing  it  so  prominently  to  yom  notice;  were 
it  not  that  certain  points  in  its  constmcttoa  have  proved 
themselves  to  be  of  vital  importance.  The  main  wheel 
carrving  the  minute^iand  has  no  rectan^Ur  teeth,  and  the 
armature  lei^er  carries  a  rectangular  steel  propulsion  click 
limited  in  its  upward  movement  by  a  fixed  stop.  Only  one 
other  click  is  provided,  viz.,  the  backstop,  which  h  also  a 


eci^ingiilar  steel  block  at  the  extremity  of  a  pivoted  arm. 
The  wheel  \s  propelled  by  a  flat  steel  spring  bearing  upon 
the  heel  of  the  propubion  click* 

After  reviewing  all  known  forms  of  electro-magnetic  time 
counters,  Du  Moncel  lays  down  the  rule  that  in  addition  to 
Ihe  impulse  click  and  the  retaining  or  backstop  click,  the 
wheel  most  be  stabbed  by  a  "cliquet  d'arret,"  and»  turlher, 
th;it  the  impulse  click  must  always  drive  at  a  tangent  to  the 
whi^L  We  have  ventured  to  transgress  both  these  conclu- 
sionsi  and  in  doing  so  it  appears  thai  we  have  designed  a 
movenwii  u'/ik/i  ig  more  curiam  in  action  and  more  cup;\b\^ 
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of  wholesale  manufacture  than  any  of  its  predeces^rs.  By 
driving  at  an  angle  of  135°  to  the  radius  and  adopting 
rectangular  teeth,  we  can  with  safety  apply  a  fixed  stop 
above  the  propulsion  click  which  will  effectually  arrest  the 
momentum  of  the  hands  after  their  forward  movement, 
thus  accomplishing  the  object  of  the  third  click.  The 
position  of  the  propulsion  click  and  this  upper  stop  is  of 
the  greatest  importance.  If  we  drive  at  a  tangent  the 
slightest  eccentricity  of  the  wheel  will,  by  vrarying  the 
dimension  between  the  circumference  and  the  fixed  stop, 
allow  the  dick  either  too  much  space,  so  that  it  locks  the 
wheel  inefficiently,  or  too  little  space,  in  which  case  it  will 
jam.  The  propulsion  click  in  this  movement  is  carried  up 
against  the  fixed  stop  whether  the  wheel  is  eccentric  or  not, 
and  runs  no  risk  of  becoming  jammed,  but  remains  perfectly 
free  to  slide  out  on  the  dead  surface  of  the  next  tooth  in 
response  to  an  electrical  impulse  of  any  duration,  provided 
it  is  not  less  than  looth  of  a  second*  Another  point  to  be 
noted  is  that  w^hen  only  tw^o  clicks  are  used,  and  these  are 
placed  near  one  another  on  the  circumference  of  the  wheel, 
there  is  no  difficulty  in  adjusting  them  nor  any  necessity  for 
accuracy  of  workmanship. 

This  movement  is  particularly  suitable  for  operating 
turret-clocks  in  which  the  hands  are  exposed  to  the 
weather.  The  usual  turret -clock  consists  of  an  ordinar}^ 
eight-day  time-piece  built  upon  a  scale  proportionate  to  the 
increased  diameter  of  its  dial.  It  is  a  difficult  thing  to  build 
an  accurate  time-measurer  of  such  a  large  size,  and  in  spite 
of  Lord  Grimtliorpe's  invention,  which  prevents  the  wind 
pressure  on  the  hands  affecting  the  escapement,  it  is  seldom 
accurate  and  always  costly*  Inasmuch  as  the  only  require- 
ment is  to  revolve  the  hands  at  a  given  rate,  it  is  obviously 
economical  to  accomplish  this  by  so  much  brute  force 
supphed  on  the  spot  and  controlled  by  a  time  circuit  or  a 
self-wound  electrical  pendulum  of  reasonable  size  if  no  such 
circuit  is  available.  It  is  of  course  necessary  to  provide  a 
very  large  margin  of  power  to  overcome  exceptional  resist- 
ance, such  as  a  gale  of  wind  or  the  accumulation  of  snow 
up  the  minute-hand.  Consequently  a  much  larger  size  of 
our  electrical  step-by-step  movement  is  required,  and  as 
thv  inertia  of  its  piU^ts  is  necessarily  much  greater,  the 
durHiion  of  the  contact  of  an  ordiu^kt^  lm\c-circuit  would 


FIG.  5^ 

witJ  *>ufticu  to  stiirt  the  secondary  mechanism  upon  its*  ^t>rkp 
which  it  will  then  perform  in  its  own  time.  Even  where  a 
time-circuit  is  not  avaiUihlt'  the  ureal  expense  of  the  customary 
lurrei -clock  movement  may  be  saved  by  nsuig  .m  orclinary 
elf-wound  pendulum  and  escapement  in  niech.inical  com- 
bination with  a  large  step-by'5^tep  dial  movement  ;  but  the 
available  space  in  this  short  paper  prevents  a  description  of 
it  here.  I^  however,  exhibit  a  model,  which  will  uerve  to 
show  tlial  for  this  particular  purpose  an  individual  and 
independent  *ielf- wound  clock  is  jusltfied  by  it>  elliciency 
md  economy. 

Utricrriftg  ^guni  iu  lite  snutH  LxUUuii  ot    the  5*tep-\>^'^tv\> 
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movement  iUuslrated  in  Fig,  5,  let  us  apply  a  rough-atid- 
ready  means  of  ascertaining  the  minimum  duration  of 
contact  to  which  they  will  respond  by  putting  a  few  of 
them  in  series  with  a  vibratory  interrupten  I  take  an 
ordinary  electric  bell  for  this  purpose,  and,  removing  the 
bell,  adjust  the  hammer  to  a  periodicity  of  about  25  per 
second  You  will  observe  that  the  dials  in  circuit  with  it 
duly  revolve  at  the  rate  of  12  hours  per  minute,  and  that 
whenever  I  break  the  circuit  they  stop  at  exactly  the  same 
half-minute,  having  kept  perfectly  in  step.  This  test  is  of 
course  unnecessarily  severe,  and  it  leads  me  to  ask  in  all 
seriousness  whether,  when  such  step-by-step  dials  which 
have  not  been  specially  designed  for  rapidity  will  work 
synchronously  in  response  to  such  rapid  and  imperfect 
electrical  impulses,  they  will  not  serve  to  distribute  time 
in  a  wholesale  manner  from  house  to  house  when  controlled 
by  a  properly  equipped  central  time  station* 

In  such  an  undertaking  we  must^  before  all  things, 
realise  the  enormous  responsibility  that  public  time-service 
carries  with  it.  With  our  present  method  there  is  at  any 
rate  some  security  in  numbers,  and  knowing  that  no  tw^o  of 
our  ordinary  household  clocks  ever  agree  we  only  expect 
approximate  time,  and  refer  to  our  watches  when  greater 
accuracy  is  required.  In  an  electric  light  service  a  break- 
down betrays  itself  immediately,  but  in  a  time-ser\4ce  tlie 
stopping  of  one  or  more  dials  is  an  unannounced  and 
insidious  eviL  Perfect  synchronisation  and  immunity  from 
breakdown  is  therefore  necessary  in  any  system  of  Electric 
Time  Distribution,  There  is,  however,  no  need  to  starve  it, 
A  hundred  pounds  or  so  would  equip  a  centi"al  station 
lavishly,  and,  as  the  earning  power  of  the  lines  is  great 
{enormous  when  compared  with  systems  of  synchronisation 
or  correction),  they  should  be  laid  as  carefully  as  electric 
light  cableSi 

Lest  we  be  tempted  to  allow  considerations  of  economy 
to  outweigh  those  of  security,  let  me  quote  Antwerp  as  an 
object  lesson.  For  about  fifteen  years  endeavours  have 
been  made  in  that  city  to  work  a  hundred  street-corner  dials 
on  overhead  Hnes  radiating  in  all  directions  from  a  central 
time  statioUj  and  earthed  at  their  extremities.  It  is  true 
that  their  step-by-step  movements  and  the  switches  to 
conirol  them  were  partly  at  fault,  bvLl  nu  cucuit  could  be 
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ciinsidercd  -ofc  which  a  storm  might  iiilerrupt  nnd  u  faUing 
lulcpbotic  line  might  nhort-drcuit.  The  Antwerp  instal- 
hdion  has  now  bren  ab^indoned. 

Several  suggestions  h^ive  been  made  for  utilising  existing 

lectric  light  networks  for  time  service,  but  though  interest- 

mg  tb^  are  impracticable,  and  1  must  therefore  deny  myself 

Ibe  fdetiure  of  dealing  with  them  here.      In  the  equipment 

of  a  central  time  station,  it  would  be  wise  to  provide  two 

i  ned*^witcheft  {such  ;t*i  those  described  in  Fig*  3) 

cl  switch  of  a  simple  formi  of  which   1  show 

K)  a   drawing,  to  transfer  the  load    in   the  event  of   the 

nc  in  opcmlion  stopping  from    any  cause*     They  would 

-irry  all  the  current  required  in  an  area  of  several  square 

tnilc»r  the  spark  being  of  course  shunted  through  a  non- 

Mloctive  resistance.     It  would  be  convenient  to  use  low 

csistsiQCe  magnctSi  and  to  put  any  number  from,  say,  50  to 

TO  receivers  in  series.     Tlie  switch  operates  several  such 

rcuib*  i:i  'M     I  think   it  would  be  imwise  to  risk  the 

^ety  ol  i.iins  by  allowing  tJiem  to  circulate  in  any 

mlding.     I  wauld^  therefore,  confine  them  to  street  clocks 

.nd  relays  placed   in  similar   positions   to    meters,   from 

4brch  Mib-circuits  in  each  building  could  be  operated.     An 

«ditiary  rday,  however,  would  tie  quite  unsuitable  to  such 

ipitrpu^e;  instead,  we  should  use  the  pattern  1  show  you, 

10  wUch  the  duration  of  the  contact  is  dependent  upon  the 

dcetncal  inertia  of  the  circuit  it  ser\'esp  and  so  designed 

th^  it  refuses  to  work  at  all  unless  the  battery  power  in  the 

^b<iTcuit  is  i?»ufhctent  to  run  its  dials  with  safety.    Thus 

rcspun&ibility  for  failure  in  local  circuits  would  be  decen- 

tnliH-d,  And  a  glance  at  the  relay  W'ould  show  whether  the 

imlt  uTti  insufficiency  of  the  local  battery  or  a  break  in  the 

local  line. 

Once  a   reliable    lime-scrvicc    }^    established   wc   shall 

Tccogubc  Its  utility  for  many  other  things  besides  turning 

tk  fumU  of  our  clocks.     It  will  be  required  for  operating 

checks  and  watchman  s  watchers  in  factories,  for  ringing 

at  pre-arranged  times  in  schuots,  for  speed-recorders 

rooms,  for  automatic  cut-in  and  cut-out  switches 

lamp^,  aird  last,  but  by  no  means  least,  to  enable  us 

J  lupply  the  most  simple  and  efhcient  form  of  elcctncity 

mdja  imaginable. 

I»  tl  piofttble  that  such  a  sinj/^ic  nHlhcjil  ut   ck*ctrvca\ 
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of  Imie  win  mlBce?  1  mainfain  tbal  U  rs 
prcmded  die  prindples  npao  which  the  cfial  movements 
aad  the  elec^^kal  tmptilses  ane  produced  and 
arr  conecL  You  will  tell  me  that  ker-wound 
rcascxiabtf  senrio^Ue,  and  that,  thaoks  to  the 
force  of  ceotmies  erf  lothistry  and  mtUiDrts  ot 
todepeiideut  tiinrfcrepeis  can  noir  be  hoi^t  for 
lib  6|d.  each.  Yoa  wiB  sajr  that  the  wsted  tntaiesis  of  the 
ciocdc-^Bakiiig  Hade  arc  toopewwafiJto  adiEtit  of  ^uch  rivalry. 
Bat  to  thb  I  repij  thai  die  fae^  ts  boond  In  win  m  the  long 
mn,  and  that  ooe  wheel  ffmtg  tmiformstj  and  acciuacy 
without  weekly  wiodti^  li  better  than  the  fire  or  six  wfaeelsy 
the  esc^ietocnt,  and  the  pendolnm  of  an  ordiinry  dock 
which  requires  weekly  altentkia. 

With  a  capital  omtixf  of  only  a  few  pounds,  and  without 
organisation,  already  seieral  large  blocks  of  offices  in  the 
Ctty  have  this  time^ernee  install^  the  tenants  gladly 
pa3fing  ^~t  is.  per  dbl  for  die  irst  year  and  los.  6d.  per 
dial  per  annum  afterwards^  and  ewen  at  these  low  figures 
the  bostness  offers  tempting  prospects  to  the  financier.  At 
such  a  popular  poce  it  would  noc  be  imreaaooabk  to  expect 
that  efectric^y  propelled  dbis  will  be  reqttked  m  50  per 
cent  of  the  offices  in  a  busy  district  of  the  City,  Greenwich 
Mean  Time  beu^  guaranteed,  and  no  charge  being  made  for 
erection  m  addition  to  the  rental.  Further,  the  tenants 
would  be  spared  the  inconvenience  of  the  weekly  visits* 
of  the  clock-winder.  We  must  not  w^t  for  the  mnnidpal 
authonlies  to  oitablish  a  public  iime-!iervice  in  the  streets, 
for  they  ne\*er  yet  in  thU  country  took  the  nfik  of  ptone^s. 
It  IS  not  sutficienl  for  them  that  the  majority  of  the  more 
important  towns  of  the  Continent  have  for  years  considered 
street'timing  us  much  their  duty  as  street-lighting  and 
street-cleaning^  {Xirticularly  as  existing  systems  have  not 
been  uniformly  suc\.x*ssful-  I'nvate  enterprise  must  lead 
the  \\*ay.  The  couimcrcial  considerations  ha\"e  been 
carefully  looked  into,  ^ad  the  existence  of  a  demand 
for  such  a  ser\ice  has  been  proved.  I  believe  I  have 
demonstrated  by  theory  and  practice  that  these  instruments 
are  oiixible  of  supplying  it,  and  that  it  now  only  requires 
the  Electrical  Engineering  profession  to  take  it  in  hand  to 
estabtish  public  timc*service  on  the  same  farm  fooling  iis 
chciiichil  tight  ^lUpply* 
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Mr.  A.  J.  Lrxf>  ?  It  woM  iU  bccociir  mc  to  mf  Mx^ythiag  ilcfxa^ory  Mr.  i 
to  the  very  in'  napcr  to  whtdi  m-c  hmve  tistaMd  to-ui^il,  and 

alter  the  Idndh  wtiach  tbc  sothor  has  sftofecn  of  ine  anid  €d  the 

3>ysfrm  witEi  which  my  name  has  been  ^o  lopg  as^^oci^ted*  iC  I  tuakc  any 
fcm^Lrks  they  will  radier  be  touching  apon  pcmts  ia  which  Mr,  Hope- 
Joftcs  aad  myself  woaM  be  equally  inttrrc^ted,  than  depredatory  oi  ihc 
author' s  systetn, 

FtrsI  0(  all,  I  demur  to  the  way  iit  which  be  divides  up  the  kinds  ol 

dectfic  clocks     I  doubt  if  the  di%*tsioii  be  makes  is  one  which  will  N? 

rcadilj i^»|Mrehended  by  the  public  geocrally,    I  think  it  would  he  K*tter 

cixukrslood  if  they  were  divided  into  "  Impelied  Clocks"  *' i  1 

Clocks/'  and   '*  Synchronised  Clocks."    Those  arc  thr«;c  d*.—     o 

which  are  n^adily  underwood.    The  Impelled  Clock  h  otic  whicn,  as  in 

Mr.  Hope^Jones'  system  and  others^  is  driven  by  the  current  itself.    The 

Controlled  Qock  is  one  which  is  controlled  by  the  pen du him.     Wlicn 

the  cJocii  goes  the  pendulum  is  not  allowed  to  go  WTonn  ;  it  is  m*ide  to 

^  right :  and  therdfore,  by  controlling  the  vibratioiis  of  the  pendulum, 

Tou  cootiol  accurately  the  time  of  the  clock.    The  other  kinds  of  clock> 

*re  lho^!»c  with  which  I  have  myself  been  associated  for  ne.irly  twenty 

cws,  tiswnely*  Synchronised  Clocks,    The  object  of  ihesc  cltKks  is  lo 

rofW  an  uidependcnt  timekeeper  which,  whatever  happens,  would  never 

be  wOHke  than  an  ordinary  clock,  which  certainly  ought  not  lo  vary  by 

more  than  a  very  small  p;u-t  of  a  minute  in  a  day.     The  object  is  this  : 

h^  the  clock  goes  round,  the  finic  current  is  made  to  clip  the  minute 

toad  and  set  it  csutctly  right  every  hour.    Two  of  the  ad  van  luges  of  the 

tfrtem  are  these  :  First,  you  are  not  without  the  time  if  the  line  breaks 

down,  and  if  the  clock  i.^  fairly  w^ell  regulated  you  certainly ^  even  then, 

uo^l  noi  to  be  half  a  minute  out  after  twent>^-four  hours.     Another 

^vmlage  is  that,  supposing  that  there  be  a  break-down ^  and  that  for 

three  or  four   hours  the  time-signal  fails,  when  at  last  it  does  arrive 

Uictn  out  of,  say,  twenty  or  thirty  clocks  on  the  circuit  w*ould  probably 

k  put  right  by  it,  and  then  I  he  circuit  goes  on  as  usuaL     In  impelled 

d«ck!fc  there  is  the  corresponding  disad\'antage   that,  supposing  your 

to>c  breaks  down,  the  hands  are  most  likely  at  different  parts  of  the 

^Us,  according  as  you  are  at  one  side  of  Ihe  break-down  or  the  other, 

H  tkit  hreak-down  were  on  your  line,  the  clocks  on  this  side  of  lire 

aiih  would  continue  lo  act,  whereas  those  on  the  other  side  of  the 

i:^h  would  break  down*  and  you  would  be  obliged,  in  spite  of  not 

liwiig  the  services  of  the  clock* winder,  to  send  somebody  round  to  set 

•bt  whole  of  them  right  to  some  particular  tninutci  in  order  that  they 

might  all  start  ofii  again. 

With  regard  to  impeUed  and  controlled  clocks,  some  years  agp  my 
fem  had  the  control  of  the  whole  of  the  Post  Office  clocks  in  London. 
Ab^ot  the  lime  that  our  contract  was  expiring  there  was  an  electrical 
tfep-bf-stcp  system  ol  clocks  pnl  up  (I  do  not  know  by  whom)  at  Mount 
Rciant  I  was,  however,  soon  telegraphed  for  to  wind  up  ihe  ordJuar%' 
dock  in  otic  of  1^1*-'  rooms,  and  to  disconnect  the  clock  which  was  going 
^rp^n-'^ep^  as  the  continued  click  of  the  latter  was  too  dislurbing  to 
cikeocciipacit  of  the  room.  Even  after  Hiis,  for  thrcv  montiis,  I  contiivueti 
tt)  receive  tith^g^^tms  to  wind  (be  ordinary  clocks,  because  the  ^lep-Uy- 
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step  cincfc*  hsd  brdbcn  dowa.    ThH  vas  neoetmy  in  order  1^^  Hve 
ofior  oiiglil  not  be  vithoot  time. 

The  qaciboo  ol  tattcnr  power  b  ()oc  itf  vtucfa  peHkafK  Mr.  Hofie-lofie^ 
ha&  not  had  die  cxperieoce  whidi  I  bave  had.  To  fiad  a  tatterj  which 
win  admit  of  cowstant  mc  u  a  vvry  diflfcait  matter,  and  e^;«i  tf  we  ose 
it  Q«lf  onee  an  horn  we  find  tbat  it  soon  far«als  down.  Bat  wbeii  ^u 
Gome  to  take  corieut  from  faadSenes  et^rjr  balf-miiiatc,  and  IsaTe  ool j 
laM  a  mimitE  to  allow  tbem  to  reciipefate.  job  wdl  wani  sooietliiDg 
better  tfaaa  a  Loc^adic  faaUerj  before  yoa  wOl  be  able  to  keep  t^ 
doda^  going  and  beqoite  smethat  joer  battery  will  not  breakdown. 

Dor  woid  about  Mr.  PcnkTs  s^em«  wbicb  wa»  introdnocd  bere 
some  jGvs  a^  Tbe  anthor  remarks  tbat  aQ  synchttmaatd  do<±s  are 
iupposcd  to  br  kcir-wooiidt  lodepeiideDt  clocks ;  bid  Mr.  Fmid  s  iiilcti- 
lo  break  awaf  from  tbat:  be  had  a  cfistinct  ^-slem  td 
His  idea  was  to  haine  seif-womal  docks  wbkih  woold 
,  h^  means  of  a  kical  bottOTr.  so  tbt  odi  dock  w^  an 
dectrkal  dock  ;  htA^  not  lieiog  ajl  ekctrkaily  conoededt  if  one  broke 
down  the  others  ifid  not  nocesiarity  tsrcak  dowm  ilsa  Tfaea  lie 
ocnmected  all  those  clocks  opoo  a  synchronising  ^r^em  in  orda*  to 
conect  any  orors  in  the  going  of  the  dock. 

Then,  as  lo  the  duratioa  of  those  clocks^  whidi  has  also  been  to>uched 
upon  ui  the  paper.  I  hare  had  one  of  then  gfjing  m  Fitzjciha's 
Avcooe  for  seven  or  mgfA  fcx%  ai  least,  and  the  battoy,  instead  of 
having  broken  down,  I  am  gf^Ml  to  s^,  has  been  m  the  tebit  of  tasting 
from  two  to  three  years  beldre  It  leqoired  to  be  renewed,  I  should  Itke 
to  point  out  that,  In  mf  eiqterieaoe^  local  batteries  sbould  not  be  pot  in 
cellars  or  cupboards.  Von  cuinot  put  tbem  m  a  bt^er  place  than  in 
;i  corner  undcx  the  brickwork  of  tbe  window,  ont  in  the  op^i  air, 
cxposi;d  lo  all  the  variatkms  of  ttiiiperatiire.  A  battery  placed  there 
WiU  la^t  .six  times  as  long  as  it  n^ookl  anywbere  else. 

The  Si  I  vert  own  Company^  at  the  tinke  I  was  floating  Mr»  Pond's 
jxitcnt  in  this  country*  took  mncb  trotible  to  get  a  battery  which  wouJd 
lie  Huitahle  for  niy  purpose,  and  socoeeded  in  prodndng  a  very  small 
cotU.u'l  hittery  which  would  go  inside  any  onMnary  dial  case,  and  1 
tuivt^  known  I  hem  Lost  three  ^'ears,  winding  tbe  dock  bODrly»  before  they 
hivikv  rU>wn  ;  although  in  other  cases,  of  coirset  they  hav'e  not  lasted  so 
hn\^.  My  assistant  has  one  in  im  bottse  whidi  has  been  going  ever 
%imir'  it  w;ts  st^irted*  seven  3*ears  ago.  Some  of  yxm  will  know  of  an 
tntvt^'^tiu^  iittcmpt  made  by  the  lale  Mr.  De  La  Rae  lo  have  a  cLock  going 
in  {\i\  wxwks  controlled  from  Greenwich*  1  think  it  w^s  put  in  the  same 
^uVMit  m  Mi  Walker's  clock,  referred  to  bj  the  au^or,  at  London 
Hiitl|£%*  '11a*  u\vA  wus  to  have  a  peodtdani  electricafiy controlled  cvcr>' 
Ni  M  viwh  swin^  of    the  pendnhm^  by  a  cnrrcrnl  sent  from 

1  ^      tint   Mr.  IV  L41  Kite  got  so  tired  of  the  break *down  of 

I!  \\  ilock  X\mi  he  had  the  impclbng  process  taken  a^i^^ay  and 

I  <  i^r  puf  tni  thc^  vlock.    I  am  not  sore  if  the  synchroniser  b 

I  IV,  but  unywAV  the  Implied  clock  bad  to  gh^  place  to  the 

H*iymg  htuvUmi  upon   %Ui%  ituestion,  I  mtist  refer  to  Mr,  Hope^ 
Jmn:^'  MUUiMimii   tltnl  OUJLJIF^^  ob^edeififn  \x^  ^fm^Ksn^^tion  is  tbc 
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iGiQ  um  lo  nrltleh  rou  pul  fom  lines.     He  forgcls  that  ti  you  put  your 

:iak  to  «Ji  t  yoiif  battery  to  smalJ  use  ;  and  if  you  put  your 

■^^  If^  Uf  at  3*flur  biitttrric^  to  great  list: ;  ;tnd  tlierrforo. 

^zamiot  broik  your  lines  down  by  sending  a  battery  current 

rtn.  vwi  can  hnsik  your  batteries  down  by  using  the  l>attery 

tbc  Imcik   I  think  that  will  he  lound  a  very  serious  matter* 

I    ^ys  that  wc  prefer  a  clock  which  goe*.  inaccurately  tn  a 

i  'jck.     Thai  is  so.     We  prefer  a  clock  that  s^hall  go  :ind  show 

,         i''i    I  rc;i!>onablc  limits  /^  tto  dock  at  all,  becaust;  ;/  ihe 

/ii  he  a  clixk,    A  remark  was  made  in  the  p.ipci 

M  ut>ou  Ihc  ^horc  wherever  persons  had  fried  hi 

Sep  ckicJiS.     I'hey  arc   e%x*ryAvbert\  i\nd  [  can 

With  not  a  tVw.    I  have  worked  at  the  subject,  and  I 

i^robc  disappointed.     1  can  only  say  that  1  hope  liis 

11  with  the  resi.    But  these  w^reckages  liave  preiducud 

,  u  ,M,.*i.-^  in  the  niind*k  of  I  he  British  public  again^Tit  step-hy- 

^,  Of  rather  J  should  say  that,  as  these  things  produce  ^o  many 

nrvis  J  f  '      i^nbhc  wdl  decline  to  undertake  the  u%q  of  a  s^r^tem 

^iknch   tn  would  onty  add  another  wreck  to  the  many  that 

3lmdy  rxj>;. 

Mr.  Ha%pk  T.  H;i»fKiiU>x  :  Mr.  Hope-Jones'  paper  has  intereslcd  me 
ftiCTiTt*r^*',  beom^^  1  was  connected  as  electrical  adviser  with  the  com* 
wtudh  ib  isyiichronising  clocks  all  over  Lotidon  on  ^Ir,  Lund'> 
,  :ugd  during  t^iat  time  1  luid  a  chance  of  linding  out  exactly  what 
were  and  to  what  the  failures  were  due  in  electrically  syn- 
clocks  A<i  Mr.  Hope-Jones  says,  the  liiK-s  we  employed 
r  only  txscd  once  an  hour  tn  correct  the  tune,  but  fhe>*  were  over- 
i  Kne^  and  we  found  that  it  w;i^  a^  much  as  we  could  do  to  keep 
I  in  orttcr,  the  intervals  lK*twecn  the  hours  of  synchronisation 
1  opportutiity  for  repairing  them,  11  would  be  hopeless  to  talk 
1  Qsing  clock^s  in  which  the  impetus  is  sent  out  every  half -minute, 
f  fPB  inteiKl  to  employ  overhead  lines.  I  ant  sure  thai  in  Loudon » 
II  an^  rate,  it  woul4  prove  a  failure.  Then  the  question  comes  as  1o 
■  bt  m'otild  Ik*  po^ibie  to  u?^  underground  lines,  f  have  thought 
•  over  that  qucnitictn.  Of  course  there  are  all  the  difficulties  and 
•^which  arr  not  to  be  despised  in  London  now— of  getting  per- 
ta  pni  dk>wn  underground  lines  ;  but  granted  the  permission, 
,  ft  pay  5"ou  to  lay  down  a  line  wiiich  has  perhaps  a  potentiml 
ti  sou  vails  on  ii  impressed  by  the  battery,  and  the  large 
•i*«iiliiCtioa  will ch,  with  all  the  magnetic  relays  proposed,  w^uld  cause 
fcfioleQiial  to  be  very  h*gh  at  the  break  on  evir>'  occasion  ?  Would 
H  ftj  yon  lo  biy  Ji  line  which  reijuire^  all  that  auiount  of  insulation  for 
^ ^nple  ffmiKHe  of  actuating  clocks  1  That,  I  think,  i*  Uie  question 
In  t«  tmt  tw  tt  fifiAQciaJ  ba^is  I  before  any  one  attempts  to  propo^^e  a 
ittj  '    '.drically  actuated  clocks.     1  am  seriously  doubt- 


Mi  u 


Mr 
Hfirrii**!! 


%  ntined   in   this  paper-      Moreover,  I  do  not 

|ti«  iHM^  tind  i1  would  be  universally  taken  up  on  tho^e  par- 

imts.  ukI  if  yon  reduce  the  terms  you  have  still  les*v  chance  of 

tlie  intcrteM  nece^^a^>'  on  titv  monetary  outlay  on  llu-  tjncicr- 

Wire*  wid  other  plaiil  necessary  for  that  clis<>  o(  vitu  k      Vm 
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IlR*se  reasons  I  do  not  think  that  on  this  basis  it  could  ever  be  made  a 
iiimncial  success^  although  it  would  be  vcr\^  pleasant  to  know  tliat  our 
clocJcs  are  keeping  somewhat  near  standard  Grtsenwich  time.  I  think 
the  system  of  hourly  synchrrmisation,  which  at  present  prevails,  and 
which  is  very  sticcessf ul,  is  oJic  that  will  alw^ays  continue,  and  for  which 
I  believe  there  will  always  be  a  demand ;  and  tf  it  can  only  be  worked,  a,s 
I  fancy  it  is  now  being  worked,  with  a  little  more  expenditure  on  the 
UneS|  subscribers  would  come  on  very  rapidly^  becati:?ie  they  w^ould 
know  that  whether  their  dock  is  working  correctly  or  not  they  can  be 
sure  of  a  signal  every  hour  correcting  the  clock  and  giving  them 
the  absolute  Greenwich  time,  which  is  obviously  particnh%rly  useful 
to  scientific  people  or  clock-makers,  or  people  wlio  have  to  go  by 
Greenwich  time* 

The  ingenuity  which  Mr,  Hope-Jones  has  displayed  in  some  of 
the  mechanisms  he  has  put  before  us  has  struck  me  as  being 
marvellous,  and  particularly  his  standard  clock  for  sending  out  the 
half-second  impulses^  but  I  am  afraid  that  the  actual  dial  movements 
would  suffer  in  the  course  of  time  from  a  good  deal  of  wear  and  tear^ 
because,  as  everybody  knows,  water  droppiiTg  continually  will  wear 
aw*ay  a  stone*  and  so  that  continuous  series  of  strokes  on  the  wheels 
will  no  doubt,  unless  those  wiieels  are  made  of  steel,  in  course  of  time 
wear  the  dials  ;  but.  perhaps,  as  dials  are  cheap  that  would  not  mailer 
much. 

Mr,  J.  S.  kAWOkTH  :  When  we  get  rival  inventors  of  clock  systems 
together  we  discover  that  each  of  them  would  rather  that  we  went  on 
using  the  otd-fashioned  clocks  thrtn  that  we  should  use  the  modern 
system  of  the  other  inventors.  I  should  like  to  look  at  this  matter  from 
not  quite  so  pessimistic  a  point  of  %'iew  as  Mr.  Harrison.  He  is  of 
opinion  that  this  system  cannot  be  made  to  pay  on  account  of  the  great 
difficulties  of  distributing  the  current.  There  is  no  doubt^  howTver, 
that  it  does  pay  already  in  some  places.  Take  the  case  of  large  hotels 
with  400  or  500  rooms  :  it  is  not  undl  you  have  lived  in  one  of  them 
for  a  week  and  found  how  very  inconveniently  the  clock-winder  times 
his  visits  that  you  really  begin  to  appreciate  tiie  advantage  of  an 
electrically*propelled  clock*  I  have  had  some  experience  of  the^e 
clocks  in  Paris.  There  is  one  thing  about  which  I  wish  Mn  Hope- 
Jones  to  assure  us  before  the  discussion  is  finished,  and  that  is  as  to  the 
noise.  When  you  go  to  bed  in  Paris  you  are  worried  by  die  inter- 
mittent "  tick"  of  the  electric  clock.  You  start  and  wonder  what  it  is. 
Time  after  time  you  are  disturbed  by  it  just  as  you  are  dropping  off  to 
sleep,  and  finally  you  get  out  of  bed  and  shut  off  the  switch  and  you 
have  done  with  it.  I  think  that  will  be  one  of  the  difEcultics  whicli 
Mr,  Hope-Jones  will  have  to  surmount. 

When  I  came  into  this  room  I  thought  1  had  nothing  to  say  on 
clocks,  but  when  I  saw  the  diagrams  1  remembered  that  I  went  through 
all  this  experience  some  years  ago  in  trying  to  make  ship  signals  s>'n- 
chronise  by  electricity.  If  I  had  only  liad  Mr*  Hope-Jones*  paper  at 
hand  at  that  time,  I  have  no  doubt  that  my  experiments  would  have 
come  to  a  successful  issue  instead  of  being  a  total  and  complete  failure, 
/  hope  that  the  gentlemen  who  arc  woTU\n^  ou  VV\<i^  Ivucs  will  sttidy 
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I  action  %ifv  i^Tefviily,  hc*ciKii3c  H  ih  vcf)'  iiTg^ntou^a,  and  so  fai  a^  I 
I  he  furrtectly  rcliabtc, 

Ui.  v  li.  i»^(SMAx  :  !  should  like  to  ^y  ;i  word  or  two,  not  &<> 
frocn  tlic  iictctitilW  *i!i  from  tlic  practical  side,  I  started  making 
m  dnr^iCil  clock  in  my  c,irlicr  da^*^,  ,md  have  watched  clocks  uf  i\m 
irpt  wiih  mmch  interval  c\xt  ^incL%  iiud  t» early  two  years  u^o  that 
Cnlmiiistcd  in  my  tinding  accidentally  one  o(  the  early 
ol  Mr.  Hofcjoii^;^.  [  did  not  then  know  the  genUentan  id 
di^  but  aa  I  wa^  uiqmrmg  atx^ut  a  good  clcxrk  for  u  parish  hall  al 
l^vblttflif  I  tii«»trucied  my  i^wn  mind  ah  to  thi^  new  system,  and  it 
coded  m  ai3r  buying  a  clock,  and  that  two  morc^  and  then  a  tuurtit  i 
md  1  hMit9  b«<ii  watching  with  tjCtcntifiCj  horotogical,  and  electrical 
laicfibit  liic  pdfpniiancc^  of  thc!^.*  clock ;>,  which  have  now  bucn  going 
lor  DCiiiy  twoy^ars^— An  iK-inch  dial  in  die  parish  hall  ;  a  u-inch  dtal 
n  Ihr  dub  wma  attached,  Mime  \oo  feel  away  ;  a  lo-inch  dial  in  the 
«1ttl»'  msm  ;  ^uid  a  44nch  dial  in  tlic  kitchen.  They  have  gone  oji  one 
«t  ot  bitlertc»— Sscmeui'  Obach  batiencsr— jibsohitely  well.  They  ha%'e 
admtrHblc  tim<;,  and  on  itoly  one  occasion  to  my  knowledge 
lutylhitig  disagreeable  about  them.  Tha^  was  wlien  the 
.t  *  wbtch  the  la»t  speaker  de^cnbe<l  occurred  in  the  clocks  on  the 
ol  ^omc  pri%'ate  theatricals^  an<l  the  hall-keeper  had  to  stop 
t  circumvcntcri  the  difficulty  by  fastening  tvvo  pieces  of 
rdl  carpet  on  ihe  wall  bclund  the  clock-c;ise,  that  h  between  the 
*.<mc  mod  tiic  brick  wall.  Since  duit  there  has  been  no  more 
.*,  few  the  dock  li  qtiite  inaudihk.  When  1  went  to  report  to 
{iopop-jooc^  about  thi^^  he  showed  me  a  clock  that  he  had  recetitly 
4^  QoU  «?h*di  b^  absolutely  silent*  Therefore  that  difficulty  can 
1  oughl  to  mention  that  in  one  instance  somebody 
ibe  kitcbefi  dock  off  the  nail,  but  the  other  three  clocks 
lo  k«e|>  prrlcctly  good  time,  while  even  tiie  clock  itself, 
mig^f^  from  it«  wires>  wa.&  aJs^  going  true  to  time.  Its 
be^  ool  of  level  did  no!  mattei  at  all.  I  venture  to  think  there  are 
^trf  lew  ordliiafy  clocks  which  wonid  liavc  stood  Uiat  ordeFil 

Mr,  W.  H.  SroCK^ILL:  There  is  wilhciut  doubl,  a  ver>'  big  future 
llocSrk;  docktf  but  much  depends   upoti  gettmg   the  right  and 
i^fBleoL    With  regard  lo  Mr*  Hope- J  ones  clock?.,  1  put  my  hand, 
Ibt  neeting  began*  on  the  minute  kiud  of  one  of  the  turret 
jiHt  by  way  of  putting  a  tittle  wind  pressure  on,  and  aw^y 
for  a  (pvtor  ol  an  hour  ^1  one  '*chck;'    That  does  not 
the  )Awp-by-'Sl^  motion  were  secured  there*    But  there 
Ml  Lmq^ool  Street  station  with  four  <«ut*fyot  dials  fitted  with 
9*wtie«l,  5li;p-by-^tep,  jnovcmcnt  that  ha^  a*  yet  only  reached 
ol  provuiooaj  protection  at  the  Fat  cut  Odicet  Mtd  1  will  defy 
by  pttllliag  a  Ion  weight   on  to  the    hands,  to  move   llial 
i  one  tooih  at  a  ttmie,  alUiough  exposed  freely  to  wind  imd  to 
itft  aad  corrofion  luscpa/abtc  from  a  niilway  ^mion. 
Mr.  L«pd  relayed  lo  Ibo  »y«tef0  of  electrical  clocks^  installed  at  the 
CcolMl  Boft  OffifPc.    The»c  were  made  by  a  Belgian  tirm,  The 
Tmu  BuofdiMi  CoMi/niny,  aiid  my  hnii  invHtalted  I  he  cloek^  for 
TItfl  tyilcilit  lroa»  ^  t>n3i?  it  tra>  inaugurated,  ba»  gon^  \o 
/o 
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perfection,  and  is  ^till  in  existi^nct;,  and  at  the  present  moment  the  Tothill 
Fields  Poil  Office  has  not  a  mechanical  clock  in  the  place,  nor  has  it 
ever  had  one  since  it  wa&  built.  He  then  spoke  about  a  gentleman  being 
worried  at  one  of  the  officesip  and  his  having  to  wind  the  ordinary  clock 
in  his  office  because  he  could  not  bear  the  click  of  the  electrical  clock. 
[  remember  the  incident  very  wclL  It  was  also  in  connection  with  the 
Belgian  system,  the  clocks  of  which  do  make  a  nasty  clicks  like  Hio^e  of 
Mr,  Hope-Jones*  system  and  many  other  systems.  The  (gentleman  who 
occupied  the  office  was  very  irritable,  and  the  clock  was  done  away 
with*  But  the  electrical  clocks  in  all  the  other  departments  still  go  on 
and  give  perfect  satisfaction,  and  remain  under  our  control.  Much 
.stress  has  been  placed  lipOD  the  silencing  of  electrical  clocks*  I  have 
them  in  my  own  home  in  every  room,  and  they  are  as  silent  as  can  be. 
With  a  littJe  rubber  attachment  the}*  can  be  made  so  silent  that  you 
would  not  know  there  was  a  clock  in  the  room  at  all.  With  regard  to 
the  magnitude  of  the  system,  when  properly  carried  out,  and  by  a 
dejinite  stcp-by-stcp  movement,  I  may  sa^*  that  nt  Liverpool  Street 
Station  and  at  Wolferton  Station  we  have  at  the  present  time  the  whole 
of  the  station^  signal-boxes,  telegraph -offices,  and  booking-halK  all 
controlled  perfectly  and  positively,  :md  doing  their  work  accuratety 
and  well ;  and  the  Post  Office  authorities  are  so  far  satislied  with  our  new 
system,  that  they  have  ordered  their  new  premises  iit  Mount  Pleasant, 
where  they  have  some  2,000  or  3^000  sorters,  lo  be  entirely  fitted  up 
with  the  same  electrical  clocks. 

The  most  serious  question  for  the  whole  system  is  the  battery  power 
required.     I  notice  that  the  clock  exhibited,  which  has  5 -ft.  hands,  has 
seven  drj^  cells  lo  drive  it.     Fortunately  we  are  driving  ours  with  one  ; 
but  at  the  siime  time,  whether  you  have  one  or  whether  you  have  iievea, 
they  must  in   time   give  out.     We  clockmakers   are  doing  our  very 
utmost  to  introduce  into  the   market  a  reliable,  sound,  coramerdal 
&ystem,  and  we  rely  upon  you  electrical  engineers  to  lind  us  some  sort 
of  constant  battery  that  really  won't  fail  us  in  the  time  of  need    f 
have  lead  and  re-read  Mr,  Hope- J  ones"  paper  very  carefully  indeed, 
but  can  only  say  that,  while  thanking  him  exceedingly  for  it,  it  doo 
not  appear  to  have  advanced  beyond  what  he  told  me  three  yeai^  li^ 
at  the  Horological  Institution. 

The  Presi  dent  :  Some  time  a^o  1  had  occasion  to  go  over  the  new 
building  of  the  Institution  of  Mechanical  Engineers,  and  I  found  that 
the  whole  of  the  buildings  were  fitted  with  Mr.  Hope- J  ones*  clocks.  I 
also,  not  long  ago^  was  invited  to  pay  a  visit  to  the  new^  building  of  iha 
Surveyors'  Institute,  and  there  also  I  foutid  Mr.  Hope- Jones'  clival 
installed  all  over  the  building.  Is  there  any  one  here  who  knir. 
whether  clocks  in  those  two  places  have  been  giving  satisf actio r, : 

Mr.  Edgak  WoRTHiNGTOX,  in  response,  said  :  At  the  Institution    1 
Mechanical  Engineers,  where   wx   put   in   Iheije  clocks  about  twtU 
months  ago,  although  at  first  we  had  a  great  deal  of  trouble,  duv  !■ 
an  unfortunate  bit  of  wire- laying,  which  had  nothing  lo  do  with  : 
clocks,  T  cannot  say  that  they  have  gone  absolutely  perfectly,  bui  Ji  ■ 
/rave  givan  almost  perfect  satisfaction,  and  I  believe  Mr.  Hope-Jon. 
who  pays  us  occasional  vbit^j  U  Cindmg  o\xl  ansi  v^\V\m\^  \v^i  ilie  two 
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^  fKr«r  V'ftic  dd'ccts  where  one  clock  dropped  behind,  for  instance.    Mr,  Wwrio- 

^*K  Ulster -clock  !fiht3ted  in  the  cool  cella^r  and  about  a  do^en  cither    "*^** 

.:i  tinvotfrodi  the  joo  voU  lighting  main^.   The  question  of  nobe 

iMed  ttiialillJc,  but  ihc  clock  which  gave  the  most  trouble  in 

now  silent,  :irtd  during  the  Uisi  few  weeks  they  have 

The  Secret;ir)  i»f  the  Surveyors'  In5>tituk%  Mr,  Kogers, 

1  LU>tied  with  the  instalbtion  in  their  building. 

\\i:Ts>\  :  I  diould  liktf  to  A*»k  the  *4Uthor  whether  the  rate   f'ijf™' 

I  the  master -clock  i>  found   to   be   at   all  aifecttKi   by  tiie  ' ' 

nt   fd   the    circuit    to   which    he   alluded.      Is    there   any 

intcr\ui  l^^twccu  the  lifting   of   the   weight    and  when  it 

titj;iri  ,      x^  the  wheel  :     The  wdght  falU  and  makes  a  contact 

wUh  !l  •  c  when  »l  lia>  latter*  by  a  dctinite  amount.    Then  huw 

tnqgil  l^kjLA  la  be  miisiefl  depend^^  on  the  battery  and  the  time-constant 

M  the  Ctrcutt,     Supposing  I    were,  to  put,  ssay;  self-induction    in  the 

dat  and  nather  prolong  (he  time  the  weight  lakes  to  rise,  w^ould  not 

it  it-m!  iu  ni,tkf  the  Tn;i*ter*clock  go  a  little  slow^ly  ?     Or  is  there  in 

L  411  tntrntional  interval  of  time  aft^r  the  raising  before 

.^4^.».  t.^K'«i^  Ui  tmroducc  a  driving  force?    Some  fifteen  or  sixteen 

jn  Ago  I  had  to  test  an  electric  dock  in  which  tliere  wa^  a  very 

jsniir  conthrunce.     In  that  clock,  if  1  rememtier  rightly,  there  vva^  an 

iKPtional  tfitrr\Ml  nf  time  between  the  falling  of  the  weight,  that  is  to 

*?  bdofr  vi  began  to  exert  the  driving  force  and  itsi^  being 

ted ;  »o  I  I  *]^h  the  liftnig  w;vs  commenced  at  a  given  point,  the 

ICttlttlain  went  oa  alone  driving  the  clock  for  a  short  interval  of  lime. 

CMct|ucRtJy,  whether  the  weight  w;fc>  lifted  rather  quickly  bcciiu^e  of 

^tottery  being  strong,  or  rather  slowly  because  the  battery*  was  weak, 

j^  becMHc  there  was  ji  good  deal  of  self-induction  in  the  circuit,  tlic  tim^ 

•tei  tlw  iMght  began  to  exert  the  driving  force  was*  always  exactly 

lit  «wie,     t  think  proHahly,  however,  the  very  ingenious  arrangement 

nidi  Mr.  H'^i^e-Jone^  Itaii  employed  to  make  contacts  wiis  not  etn^ 

|4b)^  mh"  re  wa^  a  more  old^ash toned  method  ot  n raking  the 

smtaCL     1  csted  in  the  jionit  I  have  mentioned  because  I  had 

10  Bake  a  r^pan  to  the  Council  of  this  In^titutjon  on  that  parlicuhir 

cSoclf«ad  It  «lnick  me  iij*  being  very  interesting  from  possesbing  the 

^guiiuo^  tknrice  to  which  I  have  refctrcd. 

*^f  r,  G,  W»  Fkodshaii  ;  I  have  not  had  the  paper  long  enough  in  my  Jj^^i^^^^ 

to  ninety  aU  the  detsSh,  and  therefore  am  not  competent  to  pass 

i    "        tiinutc  points  which  are  very  important. 

^y  for  going  mto  the  subject  minutely,  but  it 

<K     Thu  history  of  electric  time-keeping  during  tlie 

CMS  may  he  hrieily  summed  up.     For  many  year^ 

LMclered  tliat  an  elcctrically-driveu  clock  was  not  to  ha 

:,  and  that  an  electric  ally-controlled  clock  was  the  lic^^t, 

V  lo  «y,  some  clock  which  lud   in  itself  the  power  of  going 

'-*    ^     i  the   current.     At    the   present   time,   when  ^   many 

using  clectncily  in  their  buildings  and  there  is  a  staff 

r  s<!  views  have  been  modlHed.     Still,  as  a 

I  hold  that  every  dock  should  liave  in  if 

mUitMd  iMfce  inckpcsident  of  thecurrcnL  Of  counc  in  Mr.  Hope-  a 
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|oties'  srys»lem  the  cmrenl  nmy  be  alwa3?s  perfect  aod  reUabk,  but  vm 
know  in  practice  how  things  sometinies  faiL  If  wc  take  that  view»  it  i% 
necessary  lo  have  some  power  within  the  clock  such  a^  that  in  use  in 
the  Belgian  system,  which  is  employed  in  many  places  with  great 
success,  I  believe — althoitgh  in  Glasgow  some  were  put  up  which  gave 
Ironbte  for  a  time. 

The  author  mentions  one  system  which  is  used  in  cofinection  with 
hih  clock.  It  ii  that  of  sending  the  current  to  the  houses  and  not 
allowing  it  to  go  through  the  wiring  of  the  house,  to  avoid  interruption 
of  or  tampering  with  the  circuit.  In  that  case  the  difficulty  of  attending 
to  the  local  batteries,  or  to  the  batteries  locally  used  in  each  house,  or 
to  the  current  turned  on  by  the  relays  would  still  liave  to  be  overcome 
and  still  be  a  source  of  expense. 

Of  course,  as  has  been  pointed  out,  there  is  a  certain  amount  of 
waste  in  not  having  the  <;urrent  alwa3's  at  work,  but  it  can  ea^ly  be 
made  to  do  more  duty  by  arranging  that  in  a  series  of,  say,  fifty  clocks, 
six  different  clocks  should  be  brought  under  the  influence  of  the  current 
every  ten  minutes  of  the  hour  ;  by  this  means  a  current  of  lower  power 
would  effectually  do  the  work  required.  By  a  mccbanical  arrangement 
the  clocks  would  themselves  invite  the  visit  of  the  current  during  a 
period  which  would  range  from  a  little  before  to  a  little  after  the  time 
at  which  the  contact  should  be  made. 

With  regard  to  the  necessity  of  going  into  questions  very  minutely, 
I  may  refer  to  a  matter  within  my  own  horological  experience.  Some 
years  ago  I  thought  it  would  be  useful  lo  de%'tse  an  instrument  for 
observatory  use  which  would  give  astronomers  the  opportunity  of 
recording  half- seconds  upon  a  slip  of  paper  such  as  is  used  tn  many 
of  their  instruments.  With  that  object  I  determined  to  break  a 
current  every  half -second  by  passing  it  through  the  esjcapcment  of 
the  chronometer.  I  then  visited  Hamburg,  Bremen,  Dresden,  Berlin, 
Viennaj  and  Genevaj  in  order  to  ascertain  what  wiis  being  done  in  this 
direction  on  the  Continent.  I  found  in  one  or  two  places  that  my  idea 
had  beeti  partially  anticipated,  and  eventually  found  it  had  been 
thought  of  by  Professor  Piantamour  of  (Geneva.  He  had  worked  at 
the  observatory  and  had  discovered  that  the  dif^ftculty  was,  tliat  the 
current  passing  through  the  escapement  of  the  chronometer,  which 
was  a  small  spring  lifted  from  a  stationary  screw,  created  an  attraction 
between  the  spring  and  the  fixed  screw  which  altered  the  rate  of  the 
chronometer.  He  was  therefore  compelled  to  make  two  trains  of 
wheels,  one  to  keep  time  and  the  other  to  make  and  break 

Captain  F,  E,  D.  Ac  land  ;  I  think  it  must  be  a  source  of  great 
satisfaction  to  Mr,  Hope-Jones  to  have  had  so  httle  real  criticism  on 
the  points  raised  by  him  in  his  paper.  Mr,  Stockatl,  I  notice^  w^ 
particularly  strong  on  Uie  step*by-step  movement,  which  is  the  main 
point  of  3klr.  Hope-Jones'  paper.  I  personally  have  been  interested. 
as  an  amateur,  in  the  measurement  of  time,  I  do  not  agree  in  the 
slightest  vnih  Mr,  Lund,  I  think  Mr,  Hope-Jones  has  the  power 
behind  him  to  do  away  with  the  old-fashioned  methods.  I  have  in  uiv 
otv/i  house,  I  purchased  it  from  Mr.  Hope-Jones  over  three  years  ago, 
qmte  lijc  worst  mmplc  o£  Imiimllaitioa  l\iat  \ni  cwa  produce.    There  were 
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cxsc  in  mf  insm/t  talk  iMA  is  per^ 


90  two-diai  moicomxt^  ifee  ssbkv 
foo^fit  mid  I  pot  It  vp  tp  lA  old  ' 
petmkXly  open  to  the  gardot.  When  I  lad  coBtralied  it,  it  m^tA  so 
accaraEtd;!*  thu  sifter  thnac  mootfes  I  ccnld  not  defect  any  \mi«tiOD 
til  Ibr  hal^-sninnle  hctt  ad  mSL  iTboe  was  no  varialkn.  Fmn  tint 
day  I  oerer  f^;iilai«d  it  for  nearly  thrct  ytax%  and  I  «ill  nndcflakc 
to  *&y  ihski  It  ts  nsofUQg  to-day  vttfxm  Ibc  ti^>«asnnlc  beat.  It  hMs 
sldfiia^  tmcc^  I  admit,  owing  to  my  own  fanlt.  t  w^ent  away  for  my 
HiOtiDer  bolidaj,  and  on  mf  return  foond  ilie  dock  case  inhabited  b\* 
a  family  oi  earwig  aiid  s|iiders^  I  oonld,  lileralh',  have  bnsslied  otf 
tbe  controlltng  m^rtmicnl  a  fair  bandfnl  of  dnt  and  dixsl.  Owiiig  to 
that  the  dock  >4ofifkcd, 

I  ba%v  bad  a  «imdlar  clock  in  my  office  lor  tbrdc  and  a  ball  years 
and  was  mnch  troubled  by  the  pcnodical  '*cljck**  until  I  got 
accit^tooied  to  \L  But  within  the  bst  year  I  hav^  |nirchased  a  move- 
mrnt  which  is  so  siJent  that  when  I  put  my  car  lo  the  case  containing 
it  [  caiinoi  bear  it.  My  experience,  which  has  been  chiefly  in  gunner\' 
nvirk^  has  taught  me  that,  in  attacking  a  problem^  when  you  come  to 
;i  ,  the  best  way  ii>  not  to  invent  new  tilings  to  get  ronnd  your 

Li  :  t>yt  to  remove  the  sources  of  the  diflficiilty  itself.     If  the  noi^  is 

grcat«  Mr*  Hope -Jones  and  Mr.  Stockall,  and  those  interested  iii  thtscla^s 
of  electricd  work,  have  |;ot  to  remove  the  noise,  and  I  am  quite  certain  it 
can  be  done  if  the  cause  is  discovered.  I  beUeve  that  Mr.  Hope- Jones 
hy  hi%  long  and  patient  work  is  getting  down  to  the  tied -rock  of  the 
matter,  and  I  think  the  reason  why  in  the  esttly  experiments  electrical 
time-*cri'ioc  was  impossible^  was  that  the  knowledge  of  electricity 
twenty  years  ago  was  relatively  so  smalL  If  electrical  engineers  do 
not  o\'eTComc  these  electrical  difhcultieis  there  is  very  poor  hope  for  the 
fntun:.  I  must  congratulate  Mr.  Hope-Jones  on  the  care  which  he  hiis 
given  to  this  paper. 

Mr*  \\\  Ellis,  F.R,S,  [commit nkated]  :   My  experience  in  rc^jiird  to  Mi  miv 

Ihc  application  of  electricity  to  horological  purposes  was  confined  to  the 

period  from  1855  to  1874,  when  I  had  charge  of  the  Time  Department 

at  Greenwich  Observatory,  after  which  I  became  occupied  with  other 

duties,     A  system  of  sympathetic  clocks  on  Shepherd's  principle  had 

been  set  np   in    1852  ;  worked  from   a  central  pendulum  clock,  the 

pendtilliTii  impulse  was  given  at  alternate  beats  by  the  discharge  of  a 

Roali  weight  raised  by  action  from  a  one-cell  battery,  the  several  other 

dock  trains  being  driven,  second  by  second,  on  Shepherd's  plan,  from 

*  1  *rgcr  hatter>" :  the  system  vvas  thus  wholly  maintained  by  electric 

ri.      tn  early  times  there  seemed  to  be  an  idea  that  electricity 

ni  Miid  do  everything,  instead  of  using  it  as  an  auxiliary,     1  should  Iwvc 

pfclerrt^d.  for  the  cenlnil  clock  of   the  above-mentioned  system,  an 

hi  clock,  making  the  necessary  contacts  for  the  sympa* 

lor  as  it  gave  the  hourly  time  signals  to  the  Post  Office  it 

to  ^ard  it  from  the  consequences   of  any  temporary 

.trical  failure.     The  system  of  sympathetic  clucks,  with 

^<ln|l;  nioditiaition,  ^tillj  I  believe,  exists, 

in  re)$ard  to  tbe  two  sy^/em^  0/  vhciricRl  contrul  that  Mr,  Hope- 
loae^d^^^e^  (^J  t/tc  <;omvtmg  or  synchrosming  of  ordinari  dt)Ct>» 
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aod  (b)  the  directly  propelling  the  hands  of  seeondarf  ctod^  1  niay 
say  that,  as  respects  the  contnoUitigof  ordinary  clocks^  I  had  exp^ience 
at  the  Obsertatory  and  otherwise  of  Mn  R.  L.  Jooes'  syslem  of  dec- 
tricaUy  controlling  other  clocks  by  actron  on  their  petidulam^,  and  found 
the  system  vt-ry  satisfactory.  In  one  ease  in  which  we  controUed  a  h:ilf- 
^^-eond^  peudnlum  on  ttiis  system*  the  arrangement  of  magnet  aiid  coil 
was  reversed,  a  small  har  magnet  being  attached  to  the  pcndiiJtim  heU^w 
it,  the  coil  toeing  fixed  to  the  clock-case.  The  system  was  also  applied 
to  a  chronometer  beating  liatf*^'cotids  ttxed  to  the  eye-piece  of  one  of 
the  cquatoriak ;  here  a  small  magnet  was  fixed  centrally  on  the  balance 
staff  of  the  chronometer,  being  encircled  on  one  side  by  a  coil  fixed  to 
the  chronometer  plate.  Mr.  Hope* Jones  seems  to  mc  to  give  an  im- 
pression that  clocks  controlled  on  K,  L.  Jones  system  require  to  l»e 
rt^gulatcd  to  a  greater  nicety  than  is,  I  think,  the  case.  The  clock 
that  Mr.  Hope-Jones  speaks  of  as  thus  controlled  at  London  Bridge 
from  Ckeenwich  was  not  so  worked  ;  it  had  no  pendulum*  and  it^  train 
was  driven,  ^cond  by  second,  from  the  central  clock  of  the  Greenwich 
system,  as  were  the  clocks  v^nthJn  the  Observatory*  walls.  Its  perform* 
ance  at  this  distance  from  Greenwich  w'as  not  satisfactory,  and  it  was 
after  some  years  removed.  Had  it  been  a  pendulum  controlled  on  R. 
L.  Jones^*  system,  it  would  have  had  a  better  chance. 

VVith  respect  to  Mr*  Hope*] ones'  method  {h)  in  which  the  distant 
clock  depends  entirely  on  the  transmitted  current ,  I  sympathise  very 
much  with  him  in  what  he  ^js  as  to  the  diffictilty  of  contriving  an 
I  eflicient  step-by- step  movement,  an  obstacle  ttmt  has  no  doubt  retarded 
the  introduction  of  such  clocks.  If  he  has  overcome  this  practical 
diflAciilty  he  wll  have  done  a  good  thing,  and  I  trust  that  it  may  be  so. 
And  even  admitting  that  perfect  clocks  of  this  kind  arc  possible,  so  far  as 
their  internal  mechanism  h  concerned,  they  are  still  subject  to  derange- 
ment from  two  external  causes — (i)  failure  of  current,  and  (2)  interrupt 
tion  in,  or  rupture  of,  the  commiinicating  wire.  In  either  case  the 
Clocks  would  stop,  which,  in  a  large  system,  even  if  it  seldom  occurred* 
would,  when  it  did  occur,  be  serious.  A  clock  tliat  continues  to  go  as 
an  independent  clock,  even  with  some  little  error,  appears  to  me  to  be 
preferable  to  one  th,it  from  the  causes  mentioned  may  come  to  a  stand, 
though  Mr,  Hope*] ones  seems  to  think  otherwise.  It  is  for  the  reason 
mentioned  that  I  rather  cling  to  the  principle  either  of  continuous  con- 
trol^ or  of  the  synchronising  at  short  intervals^  of  self-contained  clocks, 
although  there  is,  no  doubt,  the  trouble  of  periodically  winding  such 
clocks.  It  is  more  or  less  a  question  of  degree.  If  Mr*  Hope-Jones 
can  ensure  uninterrupted  wire  communication  and  constancy  of 
current,  and  if  his  step-by-step  movement  be  as  reliable  as  he  appear* 
to  say,  we  may  then  congratulate  him  on  having  developed  a  system 
that  may  tie  of  great  benefit.  But  there  must  be  no  failures,  or  next 
to  no  faUures*  For  it  is  when  there  is  any  possibility  of  such  occurring 
that  the  superiority  of  the  principle  of  control  over  thai  of  dri\ing 
comes  in. 

With  reference  to  Mr.  Hope- Jones*  remark  on  Ihc  little  progress 

lu^dc  in   tht^  application  of   eiecttiaty   for  the   promotion  of    niore 

accurate  timekeeping,  I  may  ment^otti  asi  a  TJiaVVtt  ^  \v\%\fis^AViat  in 
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the  yts^  iM6  t  accompank^d  a  depulation  from  the  British  Horological  Mr.  Kum. 
Iitstitiire  to  A  cotnmitlec  ol  the  Court  ol'  Common  Council  of  the  City 
ol  London  urj^ing  the  establishment  of  public  controlled  clocks  show- 
injj  -^conds,  and  placed  near  the  leading  thoroughfare!^,  wilh  dials  a 
little  above  a  man'^  head,  C-ontrollcd  on  R.  L,  Jone'i'  system  from  a 
crntral  clock  in  the  City  brou^jht  daily  to  time,  .is  is  the  centi'al  (irccn* 
wich  clock,  the  plan  Wii-*  quite  pnicticable  i  but  nothtn|4  was  done.  The 
opposition  to  it  was  believed  to  come  from  those  who  might  fiave  been 
expected  to  approve  of  it, 

Mr.  F*  HofK-JoNEs*  in  rcph%  said  :  In  repty  to  Mr*  Ltind  I  regret  Mr 
that  f  am  nibble  to  adopt  his  classification  of  electrical  clocks  under  ^i*^!**"** 
the  headings  Impelled,  Controlled,  and  Synchronised.  I  thought  it 
was  gi>od  at  the  lime  he  deviled  it,  and  I  read  il  iigain  witli 
inlcTCst  only  a  few  weeks  ago  in  his  paper  before  your  predecessors, 
the  Society'  of  Telegraph  Engineers,  In  adopting  the  classification 
which  J  put  in  my  paper  I  have  only  followed  a  very  good  lead,  viz., 
tbOf^  anthors  in  France  and  Germany  who  have  gone  into  ttiis  matter 
far  more  thoroughly  even  than  I  have.  We  have  no  standard  works  on 
the  subject  here  in  England,  and  must  go  abroad  for  them.  Dr,  To  bier, 
SJ,  Kareis.and  M.  Favarger,  of  Neuchatel,  do  not  ignore  self-contained, 
self- wound  clocks,  and  they  consider  that  wh,it  Mr.  Lund  calls 
♦*  controlling"  is  only  a  form  of  synchronisation.  In  that  I  agree  with 
them.  Mr.  Lund  made  a  very  strong  point  of  the  battery,  and  that 
has  also  been  touched  upon  by  several  speakers,  Mr,  Harrison  among 
others.  The  question  is  not  so  serious,  I  believe ,  as  has  been  made  out. 
Mr.  Lund  spoke  particularly  of  the  fact  that  a  contict  in  the  case  of 
^^isciironj&ed  or  correcting  methods  was  only  required  once  an  hour, 
v^rcas  in  the  method  I  advocate  it  is  required  once  ever>^  half -minute, 
f  wimid  point  that  although  that  is  so,  the  demand  we  make  upon 
tiic  taaltcfy  is  absolutely  less  than  that  made  by  synchronisation.  T!\e 
feasofi  is  this  r  The  amount  of  electrical  energ>^  required  to  move  the 
hand!^  (which  arc  necessarily  mounted  spring-tight  upon  their  arbors) 
is  cOQsiderablet  and  a  contact  of  at  least  one  second  duration  is 
reqttired  for  the  purpose*  But  with  the  light  aluminium  balanced 
IsuicUnscd  in  our  clocks  we  require  a  contact  of  less  than  ^^  second 
dtirmtjon.  CoDsequently  even  if  the  amount  of  electrical  energy  were 
the  smnc  in  each  case,  we  use  less  than  is  required  In  the  synchronising 
metiiod*  As  a  matter  of  fact  we  use  a  great  deal  less,  because  less 
cficrgy  IS  required  at  rach  stroke* 

In  reply  to  Mr*  Raworth,  I  have  myself  experienced  the  annoying 

click"   of   the   d   Is  in  the  Gare  de  Lazare  Grand  Terminus  Hotel 

I    PariSp  and  eventually  I    had   to  do  as  he  did,— get  up  and  turn 

1  rtl  %lw  switch-    Could  there  be  anything  more  ridiculous  than  a  time 

oircuii  in  which  a  switch  is  provided,  to  enable  you  to  turn  one  of  the 

dialn  o&:     It   is  infinitely  better  to   have  a  key-%vound  clock  than 

one  which   requires  attention  irregularly  and  not  at  stated  periods, 

SUencc    has  been  spoken   of  by  some  of  my  supporters,  and  some 

whom  I  did  not  expect   would  speak    for   me.     1    thank  them    for 

rvpljrifii;  in  advance  to  many  point '•i  which  fiavc  beeii  raided,     'Vhc 

ileocc  ol  tilt  dm!  in  the  0ass  sfmdc  on  the  tihic  has  heci^  ohtiivn^d 
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0iatfi]y  b}'  instiiattng  the  movemeiit  itsctf  (which  must  necessarOy  emit 
a  slight  cHck)  from  anythifig  in  Ihe  nature  of  a  ^Dod -board  bj  sus- 
pend] ng  it  from  spiraJ  springs  instead  of  supporting  it  in  rigid  nonnec- 
tiQD  with  the  case.  The  re^jult  i^  that  although  the  click  is  still  there,  it 
'}%  not  comm  tin  scaled  to  any  sound-board  and  therefore  is  not  heard.  It  h 
not  a  difficult  matter  to  silence  clocks.  I  think  I  may  safely  isay  that 
had  the  gentleman  in  the  Post  Office,  who  wa:^  referred  to  by  Mr.  Lund 
and  Mr.  StockaU,  been  provided  with  one  of  these  clocks  which  has  a 
very  light  movement,  made  of  thin  met^,  cemented  on  to  the  tiaek 
of  the  dial  by  rubber  pads,  and  consequently  mainly  insulated  from 
the  dial  which  would  otherwise  act  as  a  sound-board »  he  would  not 
have  complained.  Thi?^  clock  is  so  quiet  that  it  docs  not  cause 
iinnoyancc  in  any  ordinary  rc>om.  although  I  admit  it  is  not  good 
enough  for  a  bedroom.  The  one  with  the  movement  supported  by 
lipiral  »»prings  is  suitable  for  this  purpose  and  cannot  be  heard  when 
lying  awake  at  night. 

In  reply  lo  Professor  Ayrton'^  question.  I  would  point  out  that 
in  the  pendulum  movement  exhibited  there  is  a  maintaining  spring 
which  pcrhap=i  has  not  been  noticed.  The  click  which  supports  the 
weighted  lever  communicates  its  thrust  to  a  ratchet  disc,  but  the  ratchet 
disc  is  not  in  rigid  connection  with  the  wheel.  On  the  contrary,  it  is 
loose  upon  its  arbor  and  is  connected  with  the  wheel  through  the 
medium  of  a  spring.  There  is  also  a  back-stop  click  engaging  ihc 
wheel  which  comes  into  operation  just  before  the  winding  action  takes 
place.  The  result  is  that  the  going  pressure  is  never  off  the  escape- 
ment. E*ven  at  that  minute  instant  of  time  when  the  action  is  taking 
place,  when  ihe  weight  is  being  lifted  up,  there  is  no  diminution  of 
the  pressure  upon  the  escape  wheel. 

Mr*  Stockall  referred  to  the  absence  of  lock  on  one  of  the  dial  clock 
movements,  He  has,  however,  merely  mistaken  an  interior  pattern 
dial  for  a  turret  clock.  The  lock  in  this  case  is  amply  &ufificient  for 
light  aluminium  hands  protected  by  a  sheet  of  glass.  In  turret  clocks, 
where  the  hands  are  exposed  to  the  weather,  they  would  be  locked  nol 
only  in  the  position  of  rest,  but  at  every  point  in  the  cycle  of  operations* 

With  regard  to  the  slight  irregularity  of  the  time  circuit  at  the  insti- 
tution of  Mechanical  Engineers  mentioned  by  Mr.  Worthington,  the 
principal  source  of  the  trouble  was  the  flooding  of  a  conduit  t>ox  which 
caused  the  main  fuse  lo  blow  and  cut  off  their  supply,  consequently 
*»topping  the  clocks  too.  An  earth  developed  on  our  clock  wiring  about 
that  time  also.  The  only  other  im satisfactory'  point  that  1  am  aware 
of  in  that  installation  was  the  use  of  a  large  mirror  as  a  dial ;  this  clock 
had  to  be  taken  out  on  account  of  the  noise  it  made,  lieing  rigidly 
attached  to  the  mirror. 

In  reply  lo  Mr,  Harrison,  I  admit  that  to  use  overhead  lines  exten- 
lively  and  indiscriminately  for  public  time-service  would  be  to  court 
failure,  but  a  verv  large  number  of  dials  would  be  served  by  compara* 
lively  few  and  short  lengths  which  would  be  duplicated  for  safety.  It 
would  be  easy  tn  shut  down  any  section  of  the  litne-servicc  in  business 
dhtricts  far  lesting  and  repairs  for  twelve  hours  between,  say*  8  or  q  pjn. 
und  8  or  g  a,m.    After  instaUvtig  nca.t\\'  a  \\\c>vvs^\\d  of  these  propelled 
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dials,  and  in  view  of  the  cxtensiive  use  of  more  complicated  *iyf^tems  on   Mr, 
the  Contincnl,  T  cannol  agree  with  his  pttssimisttc  view  of  the  com-      ^  'J 
mcrcifiJ  prospects  of  time-servicL\     1  admit  that  "  tos.  6dH  per  annum 
is  I  tic  interest  on  n  verv  j^ciod  clock  indeed;'  but  at  present  this  hiUf- 
guinea  is  ahsorbefl  in  its  weekly  wintling,  rc|;julation,  and  netting  it  to 
time,  to  t^ay  nothing  of  its  repairs. 

In  con  chiton,  I  would  express  my  thanks  to  Mr.  Harrison  for  dealing 
with  the  question  of  distribution.  I  could  wish  that  more  of  the  dis- 
casiiion  had  been  devoted  to  it,  for  if  there  are  any  difficulties  iitill  to 
be  encountered  tliey  ttill  be  met  with  here. 

The  President:  It  is  now  our  pleasing  duty  to  return  thanks  to  ^^^^^j^  . 
Mr.  Hope-Jones  for  his  paper  which  has  given  rise  to  this  most  in- 
leresting  discussion »  I  think  those  numerous  gentlemen  who  have 
come  here,  not  being  members  of  Ihe  Institution,  and  have  taken  such 
an  interesting  part  in  this  debate*  should  also  be  included  in  the  vote. 
Will  vTou  ^vc  your  thanks  to  Mr.  Hope-Jones  an€l  to  those  gentlemen 
who  have  taken  part  in  the  debate? 

The  vote  was  carried  by  acclamation. 

The  Preside  XT  :  May  I  add,  as  a  contribution  to  the  discussion, 
that  now  for  more  than  a  year  I  have  had  some  of  Mr.  Hope-Jones' 
ciocks  in  the  Technical  College  at  Finsbury,  two  dials  in  the  lecture 
theatres,  two  dials  in  other  parts,  the  controlling  clock  being  in  my  own 
private  room,  and  I  have  not  yet  been  sent  to  the  mad-house  by  the 
nnisc  of  the  masler^clock*  Until  we  had  good  batteries  we  had  trouble 
with  lh*>se  clocks^  but  since  we  had  good  batteries,  w^hich  is  just  a  year 
ago,  the  trouble  has  ceased,  and  we  have  not  had  one  dial  different 
from  another  by  a  fraction.  The  clocks  have  kept  absolute  syn- 
cfaronism  all  through.  I  have  ordered  two  more  dials  for  our  chemical 
liboTitory,  because  we  could  not  possibly  have  any  other  kiml  of  clock 
there  than  one  which  could  be  hermetically  seated  up  so  that  the  fumes 
^boidd  not  get  to  the  works  inside. 


The    PRESIDIKT    announced    that    the    Scrutineers   reported    the 
foUoming  candidates  to  have  been  duly  elected  :-— 

Member : 
Alexander  Russell,  M.A* 


Associitie  Membi^rs : 


Looiiard  Fell  Christy, 
Mocttague   George  Alfred 
H  umphrey-M  oore* 


Edgar  Leslie  Thorp. 
Arthur  Femberton  Wood, 


Jame^Cormick. 


\       Archibald  John  Walkom, 
Alec,  Cotchiag. 
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ORIGINAL  COMMUNICATION. 


HOW  CONDENSER  AND  CHOKING^COIL  CUR^ 
RENTS  VARY  WITH  THE  SHAPE  OF  THE 
WAVE  OF  THE  APPLIED  E.M.F, 

By  Alexander  Russell,  M.A.,  iMember. 

Electrical  engineers  are  aware  that  variations  in  the  shape 
of  the  wave  of  thu  applied  E.M.F.  have  a  considerable 
effect  on  the  working  of  certain  ahernating  current  apparatus. 
The  currents  produced,  the  hysteresis  loss  and  the  stress  on 
the  insulation  of  the  windings  all  vary  largely  with  the  shape 
of  the  wave,  and  no  test  of  tninsforniers,  arc^amps,  motors, 
etc.,  is  at  all  satisfactory  that  leaves  this  out  of  account. 

The  experimental  investigations  naade  by  Messrs,  Beeton, 
Taylor,  and  Mark  Barr,  the  results  of  which  are  printed  in 
the  25th  volume  of  this  journal,  p,  474,  are  conclusive  on 
this  point* 

They  proved  amongst  other  results  that  the  no-load 
current  on  a  transformer  was  a  maximum  for  the  sine  wave* 
It  will  therefore  be  interesting  to  investigate  mathematically 
how  the  choking-coil  and  condenser  currents  vary  with  the 
shape  of  the  wave.  Owing  to  the  infinity  of  shapes  to  be 
considered,  it  has  only  been  possible  to  discuss  a  few 
families  of  curves,  A  study  of  these  is  instructive,  as  it 
shows  clearly  how  very  little  information  about  the  shape  of 
the  wave  is  given  by  a  knowledge  of  the  choking-coil  and 
condenser  currents.  It  also  shows  the  necessity  of  revising 
the  ordinary  detinition  of  form-factor. 

In  what  follows,  certain  families  of  curves  each  individual 
member  of  which  gives  the  same  effective  E.M/K,  have 
been  considered,  and  expressions  have  been  found  for  the 
effective  currents  these  would  produce  if  applied  to  a  con- 
denser.  In  two  cases  also  expressions  have  been  found  for 
the  currents  they  would  produce  if  applied  to  a  choking 
coil*  It  will  be  seen  that  there  is  generally  a  particular 
member  of  the  family  that  produces  the  minimum  cnrrenl 
when  applied  to  a  condenser,  and  another  member  that  pro- 
duces the  maximum  current  when  applied  to  a  choking 
caiL 


COXDKKSHK   ASn  CKOKIXG-COIL   CTJRRHNTS 


IIMS 


By  an  extension  <>f  Euclid  s  theorem  that  triangles  on 

^iarnc  base  and  between  the  same  parallels  have  the  same 

lo  curves  between  the  -^ame  parallels  which  aie  given 

zi  ccrtam  equation,  un*iymmetrical  wave^  have  also  been 

iiHiderech 


- 

/ 

\ 

/ 

\ 

jn 

J 

t 

\ 

It 

I 

X 

\ 

V 

9£ 
m 

I 

.4 

7 

V 

^v 

• 

^. 

/ 

/ 

/ 

\ 

V 

\ 

'0 

V 

\\ 

/ 

/ 

/ 

,\ 

\ 

\ 

// 

V 

f 

\ 

\\ 

fc^ 

/ 

\ 

0^, 

f 

i 

»        a 

ff       J 

0         # 

0 3 

0           « 

«       ; 

&      i 

0            J 

17       m 
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ciir\^>  ohtainetl  by  giving  particular  \"i]uch  to  %i  in 
lowing  equations  would  each  produce  a  given  effective 
'>^^*ltage  V, 

^^=v(|y  V2#i  + I  r  ^ 


r«  V 


;(iy^.ir-.T(j.ry 


from  /  =  0  to 
from  /  =      to 


the«   equations   i*  is    the  in-sstaiitoneotis   raUie   ol   l\l^ 
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E.M.F.,  /  the  time  in  seconds,  T  the  period  of  the  alternating 
current,  and  n  a  variable.  The  equations  (i)  give  the  posi- 
tive half  of  the  wave.  By  giving  a  numerical  value  to  /;  \vc 
obtain  the  equation  to  a  particular  member  of  the  family. 

In  Fig.  I  three  of  the  curves  are  dniwn,  namely,  those 
corresponding  to  ;;  equal  to  J,  i  and  2.  If  n  equals  zero, 
we  would  of  course  get  a  rectangle.  When  n  lies  between  0 
and  I  we  get  curves  similar  to  "^,"  Fig.  i,  namely,  two 
curves  meeting  at  an  angle  and  concave  to  the  axis  of  T. 
When  n  equals  i  we  get  the  triangle  "  b,'*  and  when  1/  is 
greater  than  i  we  get  two  curves  meeting  at  an  angle  and 
convex  to  the  axis  of  T. 

If  E  denote  the  maximum  value  of  c,  7\„  its  mean  value, 
and  V  the  height  of  the  centre  of  gravity  of  the  curve, 
then — 

E  =  V  y/in  Vi 

__  n/2  //  4-  r 

5*      =   V       -  -     ,       - 
//   +    I 

V'=2  7',„7" (2)1 

Now  the  form  factor  *\f"  is  generally  defined  by  the  equation 

/■=^' 

2  f* 
It  is  therefore  =  \r 

From  this  definition  it  follows  that  the  "  form-factor " 
varies  inversely  as  the  area  of  the  E.M.F.  wave  and  as  the 
frequency.  As  the  maximum  induction  produced  in  the 
core  of  a  choking  coil  is  proportional  to  the  area  of  the 
wave  of  the  applied  E.M.F.,  it  follows  that  this  maximum 
induction  is  inversely  proportional  to  the  "  form-factor." 
Hence  if  two  curves  produce  the  same  effective  E.M.F.  and 
have  the  same  **  form-factor,"  they  will  produce  the  same 
maximum  induction  in  the  core  of  a  transformer,  for 
example,  and  by  Steinmetz's  law  the  hysteresis  loss  will  be 
the  same  in  the  two  cases.  The  '*  form-factor,"  however, 
tells  us  nothing  at  all  about  the  form  of  the  curve.  Two 
curves  may  have  the  same  **  form-factor,"  but  their  shapes 

'  See  The  Ekctrkian,  vol.  xxxv.,  p.  115,  "Graphical  Methods  of  Finding 
Mesai  SquSLTG  Vaiues." 
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and  their  maximum  heights  may  be  quite  different.     Since 

V       > 
also  —ss  ^v  we  see  that  all  that  it  tells  us  in  practice  is  the 

Vm       V 

height  of  the  centre  of  gravity  of  the  wave. 

In  order  to  calculate  the  electrical  effects  produced  by  a 
wave  of  given  effective  E.M.F.,  it  is  necessary  to  know 
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Fig.  2.— Equivolt  Curves. 


(i)  The  area  of  the  wave. 

(2)  Whether  it  has  more  than  one  peak. 

(3)  The  maximum  height. 

(4)  Whether  the  curve  is  symmetrical. 

(5)  If  unsymmetrical,  in  which  quarter  period  it  att^AWS 
its  maximum  value. 
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The  "  form-factor  "  gives  us  information  only  about  the 
first  of  these. 

Suppose  now  that  the  wave  given  by  equation  (i)  was 
applied  to  a  condenser  of  capacity  K  farads.  Then  the 
current  is  given  by  the  equations 

^  =  V  K  \Z]  n/2  ;i  -h  I  .  //  r  •  from  o  to 

etc.    And  if  A  be  the  effective  value  of  the  current  (n  greater 
than  i) 


^      ^    2  «  —  I  •'' 


where  /  is  the  frequency.  As  n  increases  from  J,  A 
diminishes  until 

n  =  — ^ =0-809; 

it  then  begins  to  increase  again,  and  goes  on  increasing  as  n 
increases  to  infinity. 

The  minimum  value  of  the  condenser  current  that  this 
type  of  wave  produces  is  6*66i  V  K/,  whilst  a  sine  wave 
produces  only  6*283  ^  ^/  amperes.   . 

If  the  wave  given  by  equation  (i)  be  applied  to  a  choking 
coil  whose  self-inductance  is  L,  then  the  current  is  given  by 

T 


"""^'^''-((«  +  2)(2«  +  3)f    4/L- 


As  n   increases  from  zero,   A  increases  until   it  attains   its 

maximum  value,  for  n  =  — — ^^^  =07245,  it  then  diminishes 

for  greater  values  of  //. 

The  maximum  value  of  A  =  0*1589   ---  and  E  =  1*565  V 

J  ^ 

And  for  a  sine  curve       A  =  0*1591         and  E  =  1*414  V* 
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The  family  of  hyperbolic  sine  cttn^es. 
The  equation  to  this  family  is 


t*  =  B  sinh  // 


/ 


from  /  =  o  to  - 
4 


d  =  B  sinh  n  (A  --M  from  /  =~  to  ^ 
"      ^)  4        2J 
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(I) 


Where  B  =  V 


When  //  is  zero,  the  equations  (i)  become- 

4^^'3V/  ,  ,  ,     T 

6'  =     -  -^ —  from  /  =  o  to  - 

A  4 

-      /  /\  T        T 

=  4  ^  3  V  l^i  -  J  j  from  t  ^--io- 


This  is  the  triangle  (a)  shown    in  Fig.  2.     The  curve  (6) 
in  this  figure  is  for  ;i  =  lo. 

It  can  be  shown  from  (i)  that 


E  =  V 


n  cosh n 


2  sinh  -  —  n 

2 


=  *if  [^o«h  ^  -  i] 


P'or  a  condenser 


KB/*        ^      /      , 
I  =  — ?p —  cosh  «  q.,  etc. 


I    .   ,    n       n\^ 
smh  ^  +  - 


Hence  A  =  /iVK/^ 


smh  —  —  ~ 
V  2       2  j 
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For  a  choking  coil 

2  ;/  —  6  sinh  ;,  -f  /i  cosh   A  " 

2  2\ 

;|2  (2  sinh  ^  —  ")         1 


-A 


V 

7Ln/"4o 


when  11  =  o. 


Family  0/  curves  including  a  recianglCf  an  ellipse  and  a 

parabola. 
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Fig.  3.— Equivolt  Curves,    (a)  Ellipse.    (6)  Parabola.) 
The  equation  to  this  family  is 


d  =  B     / 


a-')i 


from  i  =  o  to 


Where  B  =  f.^)     V^^Sl^+.^J 

vrj         r(2«  +  i) 
Also  E  =:Y. ^Z5Jl+4 

4"     r  (2  n  +  \) 
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V  =  V  '^^"  '^  ^ '-    ^' r (4 If  -h  2) » 
r(2ii  +  2)      r(2ii  +  i) 

The  cur\-es  in  Fig.  3  are  {a)  n  =  J,  an  ellipse  (h)  n  =  i, 
a  parabola  and  (c)  11  =  2,  a  biquadratic. 

For  a  condenser,  1  =  11  B  K  /  • " '  [  ^  —  /  )      ( ~  ""  *  0 
...  A  =  2y?^"-i±-"-ijL)/VK 

^  2  W  —   I 

Hence  A  is  a  minimum  when  1/  =  ^         -  s  i-i  12. 

4 

In  this  case    A  =  6-293/V  K  ;  E  =  1397  V. 
For  a  sine  cun'e  A  =  6'283/V  K  ;  E  =  1-414  V. 

Family  of  sine  c"//nrs. 
The  t^quation  to  the  E.M.F.  is 

r  =  E  sin    -y 

XX 1       IT         /Vir(//  -f  i)  ,, 

Where  E  =       /  V 

J'-rr) 


When  ;/  =  o  we  get  a  rectangle,  //  =  J  we  get  the 
curve  (a)  in  Fig.  4,  when  ;/  =  i  the  sine  curve  (/)),  and 
n  =  2  the  curve  (c). 

For  a  condenser  we  get  for  the  effective  value  (A)  of  the 
current  when  11  is  greater  than      : 

A=      ''"'     fKV 

>/  2  //  —  I ' 

This  is  a  minimum  when  «  =  i. 

■  Table*  of  lo;^  V  \ti)  arc  given  in  \ViIliiunsim*:i  "Iiite^jral  CakuUxs." 
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It  is  important  to  notice  that  none  of  the  E.M.F.  curves 
considered  generate  as  small  a  condenser  current  or  as 
great  a  choking-coil  current  as  the  sine  wave.  It  must, 
however,  be  noted  that  they  are  all  symmetrical  waves — 
that  is,  they  all  have  their  maximum  values  at  the  quarter 
period, and  ordinates  equidistant  from  the  maximum  ordinate 
are  all  equal. 
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To  investigate  what  happens  for  unsymmetrical  curves 
the  following  general  theorem  will  be  found  useful : — 


T/ieorcnt. 


If  c^f{t)  be  the  equation  of  a  symmetrical  wave  of 
E.M.F,  i.c.  one  in  which /(/)  =/(^  -  t\  then 


CON'DEXSEK  AND  CHOKING-COIL  CURRENTS. 


from  /  =  o  to  r 


,= I  from  /  =  r  to  - 
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(I) 


represents  a  distorted  wave  of  E.M.F.  which  has  the  same 
maximum  height,  the  same  R.M.S.  height,  the  same  breadth, 
and  the  same  area  as  the  original  wave. 

This  is  easily  proved.      For  example,  if  V  be  the  R.M.S. 
of  the  c  in  (i),  then 


-r.v-    )/(^.|)U.    -|/(I.|Zl 


dt 


■:/(0 


f-^.'^m 


mY^it 


=  pj/(/) 


J/ 


Hence  V  is  independent  of  the  value  of  r.  Similarly  we 
can  prove  that  its  area,  etc.,  is  the  same  as  that  of  the  curve 
<=/(/).  In  Fig.  5  the  middle  curve  shown  in  the  sine 
curve  and  the  others  are  distorted  members  of  the  same 

family  (r  =—  and  ^^- ). 

It  follows  that  all  the  waves  given  by  (i)  when  applied 
to  a  choking  coil  will  each  produce  the  same  hysteresis  and 
eddy  current  loss  in  the  coil,  and  will  each  stress  the 
insulation  to  the  same  amount.  We  will  refer  to  the  (am\l^ 
of  waves  given  by  the  equation  (i)  as  waves  of  equal  Yve\^\- 
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It  must  be  borne  in  mind,  however,  that  there  is  an  infinite 
number  of  families  of  waves  of  equal  height.  For  example, 
(a)  in  Fig.  i  and  the  sine  wave  in  Fig.  5  are  the  symmetrical 
members  of  two  families  of  waves  whose  maximum  heights 
are  equal. 

Of  all  EJI.F.  waves  of  equal  height  applied  to  a  condenser 
the  symmetrical  wave  produces  the  smallest  effective  current. 
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If  K  be  the  capacity  of  the  condenser,  then  the  value  of 
the  current  char^in^  it  is  given  by 


from  /  =  r  to 


T 
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ft  A  be  the  effective  value  of  i,  then 

T 

to  a  minimum  when  r  f-    —  r)    i^  ii  maximum.  /\t%t 

T 

en  r  =     .     Hence  the  symmetrical  wave  produce^i  the 

nummtim  effective  current. 

tOi  ait  EMS-  watfcs  of  equal  fuigbt  appitcd  to  a  choking- 
ti    the    sytnnuiric^l    wat*€   products    the.    greatest   effecttve 
\rrcnL 
Sui»ptj«5ie  that  the  resistance  of  tlie  inductive  coil  is  zero, 
id  lb  tM^lf-inductancc  U 


thdii  L 


and  L  r,~f\  ~ 


from  /  =  o  to  r 


from  /  =  r  lo 


Let  J/(/)  ,//  =  ♦(/). 
Let  also  fiu\  =  o. 


bni  we  can  «how  thai  the  equation  to  the  chokiii}{-coil 
'cttrrent  is 
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If  A  be  the  effective  value  of  /,  then 
L.A.=  {,(I)|■-^{x..V,(^O.x(l-.)';.(..> 


T 

""4 


I 

*4 


Where  X  =  «  (|)  I   l>(t)dt-\    { ^  (/)  |  rf  / ; 


and 


vJ) 


^(0 


dt. 


It  follows  from  (a)  that  A  will  be  a  maximum  when  t  = 


T 


if  2  X  is  greater  than  Y,  i.e.,  if 

T 

'4 


T 

"4 


^  ^  (    )  1     '''  ^'^  '^  ^  ^^  greater  than  3  1      U  (i)  \ 


dt. 


Now  it  is  know-n  that ' 
T 


j'^\^4,{t)Vdt  =  2J'^<l,{f)dtxy 


where  y  is  the  lieight  of  the  centre  of  gravity  of  the  curve 
y=<l>(t). 

Hence  we  have  to  show  that  ^^  (-   J  is  greater  than  v. 

Let  O  M  N  B  (Fig.  6)  be  the  curve  v  =  ^  (/).     Then  since 

. '    ^  (t)  =  / (/)  and  by  hypothesis  /  (/)  increases  as  /  increases, 

'  See  The  Ekctridan,  vo\.  tkqw.,  p.  we,. 


CU\D!iXSER   AND   CHOKINGCOIL  CtKRENTS. 


im 


ihercrore  the  4ope  of  the  curve  O  M  N  B  jncreases  with  /. 
in  ihe  figure  let  OT  =^,  then  B  T  is  f(^-\  and  the  height 

of  the  centre  of  gnivity  of  the  triangle  B  O  T  is  J  f  f    J 
Abo  di\*iding  the  tigure  B  N  M  O  into  triangles  having  their 


FtG.  6, 


^■erttces  at  B,  we  see  that  the  height  of  the  centre  of  gravity 
of  B  X  M  O  is  greater  than  iff—)  and  therefore  the  height 
ot  the  centre  of  gravity  of  the  remaining  part  of  the  figure 
( v)  is  Ic<%  than  4  *  (  -)- 

Hence  i  ^  (     )   ^"^  greater  than    v,   and   therefore  the 
magnetising  current  is  a   maxmium   for  the  symmetncaX 


cun-e. 


lOK  COXDENSKR   AND   CHOKING-COIL  CURRENTS. 

The  preceding  theorems  seem  to  justify  the  following 
conclusions  : — 

1.  A  knowledge  of  the  effective  currents  produced  in  a 

condenser  and  a  choking  coil  by  a  given  alternating 
E.M.F.  gives  us  practically  very  little  information 
about  the  shape  of  the  wave. 

V 

2.  The  "form-factor"   is  not  a  suitable  name  for 

It  would  he  better  to  call  it  the  "area-factor"  or 
the  "  hysteresis-factor  "  if  it  is  really  necessary  to 
give  this  ratio  a  name. 

3.  The  sine  curve  wave  applied  to  a  condenser  produces 

a  smaller  effective  current  than  any  of  the  curves 
we  have  considered.  If  this  current  is  not  the 
smallest  produced  by  any  wave  it  must  be  some- 
thing very  nearly  equal  to  the  absolute  minimum. 

4.  The   sine   curve   wave   applied    to    a   choking   coil 

produces  a  larger  magnetising  current  than  any 
of  the  waves  w^e  have  considered. 

5.  In  a  family  of  waves  of  equal  height  the  symmetrical 

wave  produces  the  maximum  choking-coil  current 
and  the  minimum  condenser  current. 
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COMMUNICATION. 


REPORT  OF 
COMMITTEE  ON  COPPER  COXDUCTORS. 

The  ach^ntages  of  sttndardising  are  being  largely  advo- 
cated for  almmt  all  classes  of  engineering  products,  but 
copper  conductors  have  hitherto  not  been  included  in  the 
list  ci*^  every  one  hjs  assumed  that  they  were  already 
sLindardised,  and  that  Matthiesstn  hud  settled  the  resislancc 
and  temperature  co-efficient  of  copper  in  his  researches 
nearly  forty  years  ago. 

Tills  assumption  is  far  from  being  true,  and  the  cata- 
logues of  various  electrical  cable  makers,  as  published  before 
1899,  show  considerable  discrepancies  in  the  resistance  and 
vreigbt  of  nominally  the  same  cables,  while  the  Post  Oflice 
issued  a  specification  difliering  from  iill  the  others. 

In  order  to  remedy  this  confusion,  a  Committee  was 
formed  of  those  interested,  to  determine  a  standard,  arid 
the  Institution  of  Electrical  Engineers,  the  General  Post 
Office,  and  the  principal  manufacturers  of  rubber-insulated 
c;ibKes  sent  representatives.  Meetings  were  held  early  in 
1899,  and  the  report  given  below  was  adopted  by  the 
following  delegates  : — 

Sir  W.  H.  Preece,  K.C.B.,  F^R.S,,  Chairman. 
Mr,  J.  Gavey, 
Mr,  H,  Hartnell, 

For  the  General  Post  Office. 

Prof,  W,  E,  Ayrton,  F.K,S., 
Mr.  \V\  M.  Mordey, 
Mr*  Herbert  A.  Taylor, 

For  the  Institution  of  Electrical  Engineers, 

Mr,  J.  \V.  Conolly, 

Conolly  Bros.,  Ltd. 
Mr.  R*  J.  Hatton, 

Henlr,r**f  Teiegmplj  Worker,  Ltd. 


wamM 
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Mr.  \V.  E.  Gray, 

I.  R.  G.  P.  and  Telegraph  Works,  Ltd. 
Mr.  A.  Paterson, 

Johnson  and  Phillips. 
Mr.  F.  Jacob, 
Mr.  J.  S.  Huddlestone, 

Siemens  Bros.,  Ltd. 
Mr.  A.  H.  Howard, 

W.  T.  Glover  and  Co.,  Ltd. 

The  Telegraph  Manufacturing  Company,  Ltd.,  and  the 
Ix)ndon  Electric  Wire  Company,  Ltd.,  also  co-operated  in 
farming  the  Committee,  and  have  adopted  its  recommenda- 
tion. 

The  Report  of  the  Committee  is  as  follows  : — 

1st.  Resolved  that  Matthiessen's  standard  of  '  153858 
standard  ohms  resistance  for  a  wire  one  metre  long  weigh- 
ing one  gramme  at  60°  Fahr.  be  taken  as  the  standard  for 
hard-drawn  high  conductivity  commercial  copper. 

2nd.  Hard-drawn  copper  to  be  defined  as  that  which 
will  not  elongate  more  than  i  per  cent,  without  fracture. 

3rd.  Resolved  that  Matthiessen's  standard  of  -150822 
standard  ohms  resistance  for  a  wire  one  metre  long  weighing 
one  gramme  at  60^  F.  be  taken  as  the  standard  for  annealed 
high  conductivity  commercial  copper. 

4th.  Copper  to  be  taken  as  weighing  555  lbs.  per  cubic 
foot  at  60°  F.  which  will  give  a  specific  gravity  of  8*912. 

5th.  Resolved  that  Messrs.  Clarke,  Forde,  and  Taylor's 
temperature  co-efficient  as  published  in  their  pamphlet 
dated  February  20,  1899,  be  adopted,  and  that  the  average 
co-efficient  of  0*00238  per  degree  Fahrenheit  be  adopted  for 
commercial  purposes. 

6th.  Resolved  that  the  resistance  and  weight  of  con- 
ductors be  calculated  from  the  actual  length  of  the  wires. 

7th.  Resolved  that  a  lay  of  twenty  times  the  pitch 
diameter  be  taken  as  the  standard  for  the  calculation  of 
tables. 

8th.  Resolved  that  2  per  cent,  variation  of  resistance 
or  weight  be  allowed  in  all  conductors. 

9//1.  Resolved  that  an  aWowauc^  oi  \  \veT  cent  increased 
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r^st;ificc%  as  calculated  from  the  diameter,  be  allowed  oji  all 
tinned  copper  between  Nos*  23  and  12  gauges  inclusive. 

Noic  io  I  si  and  ^rd. 

The  figures  inserted  have  l^en  calculated  for  60°  F.  from 
the  tigtires  0*1469  per  metre  gramme  for  hard-drawn  and 
0-1440  for  annealed  at  32°  F.  by  Matthiessen's  formula. 


R/^  = 


R  320 


1—0*00215006  (/  — 32)  -I-  0-00000278  (/  — 32)= 


A,  H.  Howard, 

Honorary  Secretary. 

From    the    above     data    the    following    formulae    are 
obtained  : — 

t  Solid  Wires, 

Copper  weighs  555  lbs,  per  cubic  foot  at  600  F.     Specific 
vity  =  891 2. 

The    resistance    of    annealed    high    conductivity  com- 
mercial  copper  is  ; — 

Resistance  per  cubic  inch  0-000000667 8H  standard  ohms. 
Resistance  per  cubic  cm.  0*00000169639         ,,  „ 

Resistance  of  loo  inches 
^—         weighing  100  grains     .  01 50158        ,,  „ 

^H  0042^17 


Re^^istance  per  mile  ^ 
Resistance  per  yard  ss 


Area  in  square  inches. 
o  000024044 


Area  in  square  inches, 
Resistance  per  rail,  foot=  ro-2044  standard  ohms. 

The  resistance  of  hard -drawn   high  conductivity  com- 
mercial copper  is : — 

Resistance  per  cubic  inch =0*000000681 327  standard  ohms. 
Resistance  per  cubic  cm.  =  o'oooooi 73054        „  „ 

Resistance  of  100  inches 

weighing  100  grains    =  0*153181  ^,  ,^ 

0043 1689 

Resistance  per  mne       = -    f*    n 

Area  in  square  miles. 

o-DOoo  245277 
Refvistance  per  yard       =  .  .  n     n 

Aren  in  square  inches. 
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Resistance  per  itiiU  fout  =  10-4099  standard  ohm^. 
Weight  per  mile  in  lbs.  =  20,350  X  area  in  square  inches. 
Weight  per  yard  in  Ihb.  ^  1 1  -5^25  X  area  in  square  inches. 

Cables. 

A  lay  of  twenty  times  the  pitch  diameter  is  adopted  a&  a 
standard,  and  the  resistance  in  parallel  of  the  wire  is  taken 
as  the  resistance  of  the  cable. 

Resistance  of  three-strand  cable  =  0-33742  x  resistance  of 

each  wire- 
»  four 

„  seven 

„  twelve  ,, 

I,  nineteen  ,, 

„  thirty-seven     ,» 

„  sbcty-one  », 

ff  ninetj'-onc        ,, 

Weight  of  three-strand  cable  =  3*03678  X  weight  of  eacli 

wire* 


0253065 

rt 

0-1443557 

*1 

0-084355 

tf 

0*0532424 

Pf 

00273493 

ft 

o'oi659ii 

11 

0'0111222 

ft 

tt 

four 

11 

4-04904 

H 

seven 

11 

7"0733^ 

If 

twelve 

ir 

12- 147 1 

w 

nineteen 

»f 

19-2207 

ft 

thirty -seven 

** 

37-4414 

n 

sixty-one 

It 

617356 

$r 

ninety-ontr 

*r 

92-1034 

The  above  formula;  give  the  standards,  but  a  variation  of 
2  per  cent*  in  resistance  or  weight  is  allowed  for  losses  in 
manufacture* 

These  figures  have  been  adopted  by  all  of  the  parties 
represented,  and  it  is  hoped  that  they  may  become  the 
universal  standard  for  Great  Britain. 

The  measurements  made  by  Dr,  Matthiessen  were  for 
the  purpose  of  determining  the  best  metal  to  use  for  a 
standard  resistance,  and  tiie  permanence  of  the  resistance 
was  of  more  importance  than  the  actual  numerical  value. 

The  specific  gravity  of  the  copper  was  not  taken^  and  as 

the  results  are  given  by  length  and  weight  they  aflford  no 

means  of  determining  the  resistance  of  a  wire  of  any  given 

diameter,     Jn  addition   R*A.  uv\\ts  h;\ve  been  confounded 


^4 
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ITS 


wtth  standard  ohms,  so  that  dtscrep.incie^  have  arisen  tVom 
both  causes. 

The  resistance  of  a  stmnded  conductor  varies  accordi n|^ 
1  the  lay  of  the  wires.  Some  makers  iif=;e  a  lay  of  twelve 
ime^  the  pitch  diameter,  while  others  go  so  high  as  thirty 
times  the  pitch  diameter  ;  twenty  was  adopted  as  an  average 
h^nr^f  and  the  resistances  calculated  from  the  ;ictual  length 
Kti  the  wires,  vix,,  I'oi 226  times  the  length  of  the  cable  for 
*ill  except  the  centre  wire. 

As  the  Post  Otlicc  specifications  will  be  issued  in  accord- 
mce  with  the  above  report,  and  as  all  of  the  manufacturers 
incntjoned  will  include  the  same  figures  m  Iheir  catalogues^ 
there  seems  httle  doubt  that  these  standards  wilt  be  adopted 
rhnnighout  Great  Britain. 


NOTICE. 


1,  The  Institution's  Library  is  open  to  members  of  all 

Scientific  Bodies,  and  (on  application  to  tKe  Secre- 
tary) to  the  Public  generally, 

2.  The  Library  Is  open  (except  from  the  14th  August  to 

the  16th  September)  daily  between  the  hours  of 
liO  a.m.  and  8.0  p.m.,  except  on  Thursdays,  and 
on  Saturdays,  when  it  closes  at  2.0  p^m- 


An  Index,  compiled  by  the  late  Librarian,  to  the 
first  ten  volumes  of  the  Journal  (years  1872-81),  and  an 
Index,  compiled  under  the  direction  of  the  late  Secretary, 
to  the  second  ten  volumes  (years  1882-gi),  can  be  had 
on  application  to  the  Secretary,  or  to  Messrs*  E.  and 
F.  N.  Spon,  125,  Strand,  W,C.  Price  Two  Shillings  and 
Sixpence  each. 


Extracts  from  the  Private  Letters  (1836-1839)  of  the  late 
SIR  WILLIAM    FOTHERCILL   COOKE, 

DELATING    TO 

THE  INVENTION  AND  DEVELOPMENT  OF  THE  ELECTRIC 
TELEGRAPH. 

With  Portrait,  fac-similea  of  Sketches  occurring  in  the  Letters,  and  of 
some  of  the  Onglnal  Handwriting. 

Price  3s. 

Copies  may  be  oMaitiai  on  tippltcuhijn  h  ihc  PuhUshcn,  Messks.  E*  aktj 
F,  N,  Spun,  Limiteu,  125^  Strand^  i»r  to  the  Si^crchiry  of  the  Imttifiiioti  t</ 
EUctricdi  Enginccn^  jB,  Victoria  Street^  Wtsitmimtcr. 


Applications  for  space  for  .Adverti!»«;ments  in  this  Journal  should  he  made 
to  the  Sccrttiiry  of  the  InstilutioUp  28,  Victoria  Street,  S,W,,  frotti  whom  parti* 
i^-uhirs  a5  to  terms  xnay  be  obtained. 


JOURNAL 

UP  TflR 

Institution   of  (L*lcttric:il  (l-ngincrrs. 

Fmiidcii  3K71.       Incorporatcti  18S3. 
VOL.  XXIX,  190J.  No,  143, 

VISIT   TO   SWITZERLAND. 

RHTOKT  OF  THE    MEETING   HELD  IN  THE  POLYTELHNI- 
KUM  AT  ZURICH. 

Oh    irediwsdm*,    Si^piembcr    6th,    1899, 

Professor  SlLVANUS  P.  THOMPSON,  President,  iti  tlie  Chair, 

The  President  having  announced  that  there  was  no 
formal  biisinc*ss  in  be  transsacled, 

Professor  Gnehm,  in  the  name  of  the  Staff  of  the  Poly- 
tcchnikum,  delivered  a  cordial  address  of  welcome  to  the 
Members  of  the  lostitution. 

The  Secretary,  in  the  abi^ence  of  the  author,  then  read 
Lc  following  paper  : —  ** 

THE  UTILISATION  OF  THE  SCHAFFHAUSEN 
WATER  POWER. 

By  Alfred  Amsler,  Ph,D, 

The  rapidss  of  the  Rhine  at  Schaflfhaiisen  were  utilised 
Jt'iig  tfefore  the  erection  of  t!ie  present  works,  A  weir 
v^liich  is  now  for  the  most  part  demolished,  then  forced  the 
^uter  to  the  right  bank  of  the  river,  where  it  drove  a  large 
nutnber  of  undershot  w^tcr- wheels.  Most  of  these  old- 
f.iihiofied  motors  are  still  workiitg— drivmg  itower-mills, 
^fnithies,  and  the  like. 

in  iHgH^  when  the  walcr  of  the  Rhine  fell  to  an  extra- 
ordinai  ily  low  level,  the  idea  oi  utilising  the  water  power  in  a 
toore  efficient  and  more  modern  way  occuned  to  certain 
cn^  \r/.em  of  Sch.iffhnusvn^  nm\  was  in  part  reaVi^ed 

12 
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The  Rhine  at  Schafthausen  was  apparently  a  ver 
suitable  river  for  the  utilisation  of  water  power.  By  cor 
structing  a  stowing  dam  across  the  river,  and  by  exciix-atin 
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only  a  short  canal  in  the  bed  of  the  river,  it  was  possible  f 

stow  the  water  so  as  to  realise  a  difference  of  levels  of  aboi 

fom  metres  without    exposing,  Ihe  banks  of  the  river  t 

inundation.     The  quantity  oi  v:^\^t  deVw^x^^Xyj  ^^^«n5B 
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^^BJpfftiauseri  v-aries  from  no  to  i,ooo  cubic  metres  per           j 
WBOStA    ThJ!*  \*3n;itioii  may  he  considered  slight  as  com- 
ptfrd  wilh  other  S%vtss  rivers,  and  even  with  the  Rhinti  at 
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built  during  the  years  1861-1865.  It  must  be  remembered 
that  at  that  time  modern  engineering  was  only  at  its 
beginning,  and  had  not  attained  its  present  perfection. 

No  other  plant  of  equal  magnitude  was  in  existence  to 
guide  the  engineers  who  designed  the  works  at  Schaflfhausen. 
Moreover,  local  difficulties — as,  for  example,  the  bad  condi- 
tion of  the  rock  forming  the  river-bed,  which  has  scarcely 
sufficient  resistance  to  allow  of  anything  being  fastened  to 
it — contributed  a  good  deal  to  the  delay  in  erecting  the 
stowing  dam  across  the  Rhine.  Indeed,  during  the 
construction,  the  dam  w^as  washed  away  several  times. 

The  diagram  (Fig.  3)  shows  clearly  the  construction 
of  the  dam.  It  consists  of  sets  of  stones  each  anchored 
to  the  river-bed  by  a  chain,  and  the  whole  united  by 
concrete. 

The  turbines  have  been  placed  on  the  left  bank  of  the 
river,  because  there  was  then  no  suitable  place  available 
the  right  side. 

At  first,  only  one  turbine  of  200  h.p.  was  erected,  and 
the  power  was  transmitted  by  wire  ropes  across  the  river 
and  then  along  the  right  bank.  Now  there  are  four  stations 
from  which  power  is  distributed  to  the  workshops  in  the 
town  by  means  of  shafting  and  wire  ropes. 

In  1869  a  second  turbine  of  250  h.p.  was  added,  and  in 
1872  a  third  turbine  of  300  h.p.  was  put  down. 

Two  of  the  three  turbines  are  still  driving  the  wire  ropes; 
the  third,  which  formerly  transmitted  300  h.p.  by  means  of 
an  inclined  shaft  to  the  Bindfadenfabrik  (string  and  rope 
factory)  on  the  top  of  the  hill,  was  replaced  some  months 
ago  by  a  new  350  h.p.  Jonval  turbine  constructed  by  the 
Swiss  firm,  J.  J.  Rieter.  This  turbine,  provided  with  an 
ingenious  and  very  reliable  governor,  drives  a  three-phase 
dynamo  electric  machine,  producing  a  current  at  a  pressure 
of  400  volts,  which  is  transmitted  by  a  cable  over  a  distance 
of  about  200  metres  to  the  Bindfadenfabrik,  where 
current  operates  seven  motors  of  35  to  50  h.p. 

The  old  wire-rope  system  was  in  its  time  a  first-rate  means 
for  transmitting  power  over  long  distances  (at  Schaffhausen 
about  600  metres),  and  deserved  the  admiration  of  the 
engineers  visiting  the  works.  In  the  course  of  more  than 
thirty  years  of  uninterrupted  working,  however,  the  moving 
parts  have  worn  out.    This  has  VeA  Vo  V\b\?A\otis  which  in 
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time  have  loosened  the  brackets  in   the   stone   pillars,  so 
that  the  pulleys  have  become  unsteady. 

In  order  to  prevent  accidents  and  to  secure  a  more 
steady  run  of  the  wire  ropes,  the  speed  of  the  turbines  had 
successively  to  be  reduced  from  40  to  30  revolutions  per 
minute. 

The  wear  and  tear  of  the  ropes — 30  millimetres  in 
diameter,  and  made  up  of  steel  wires  with  a  hempen  core — 
is  now  very  considerable,  the  average  lifetime  of  a  rope  being 
only  about  eleven  months,  which  is  equivalent  to  a  cost  of 
about  52  francs  a  year  per  one  transmitted  horse-power. 
This  expenditure,  of  course,  swallows  up  a  good  deal  (35 
per  cent.)  of  the  income.  This  and  the  heavy  loss  of  power 
due  to  the  bad  condition  of  the  plant  are  the  main  reasons 
why  the  wire  rope  is  to  be  given  up.  The  whole  of  the 
water  power  realised  w^ill  in  future — that  is  to  say  towards 
the  end  of  this  year — be  transmitted  by  electricity.  The 
means  of  transmission  will  be  a  three-phase  current  at 
2,000  volts. 

The  new  motors  will  be  Francis-turbines,  fitted  with 
movable  guide  blades  (see  F'ig.  4).  Such  blades  allow 
of  a  rapid  and  exact  regulation  of  the  inlet  of  water. 

As  the  Rhine  at  Schaffhausen  carries  almost  no  silt,  there 
is  little  probability  that  the  movable  blades  will  not  have  a 
long  life.  In  silty  water,  the  link  motion  would  of  course 
soon  be  destroyed.  Each  turbine  will  drive  a»  300  h.p. 
dynamo.  The  high-tension  current  will  be  distributed  in 
the  town  by  means  of  underground  cables,  and  will  be 
applied  directly,  without  transformation,  in  the  shops  using 
upwards  of  50  h.p.  The  smaller  consumers  will  get  trans- 
formed current  of  200  volts.  There  will  be  no  overhead 
wires. 

The  third  turbine  in  the  lower  (new)  house  will  also  drive 
a  300  h.p.  dynamo,  producing  a  three-phase  current  at  2,000  ' 
volts.     The  current  from  this  dynamo,  now  in  course  oli 
construction,  is  to  be  combined  with  that  supplied  by  thc| 
dynamo  in  the  upper  house.     Next  year  an  electric  tram- 
way  will   be   in  operation.     The  high-tension  three-phas 
current  is  intended  to  drive  motors  coupled  directly  wit 
continuous-current  dynamos  supplying  current  at  550  vol 
to  the  tramways. 

The  user^  of  high-tensiotv  cuti^wV  (,a,ooo  volts)  will  hai 
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to  pay  125  francs  a  year  per  brake  horse-power  measured 
at  the  motor.  The  users  of  low-tension  current  (200 
volts)  pay  150  francs  per  horse-power.  Thus  the  users  pay 
nothing  for  the  losses  of  energy  in  the  distributing  cables 
and  in  the  primary  and  secondary  dynamos.  These  charges 
for  mechanical  energy  supplied  by  a  central  station  will  be 
the  lowest  in  Switzerland. 

The   electrical  energy  supplied  to  each  motor  will  be 
measured  by  a  counter,  and  the  loss  of  energy  in  the  motor 


Fig.  4. 


will  be  allowed  for  by  assuming  an  efficiency  of  80  per 
cent. 

At  present,  that  is  to  say  as  long  as  the  wire  ropes  shall 
be  in  existence,  the  users  of  power  are  charged  100  to  150 
francs  per  horse-power  according  to  the  quantity  of  power 
taken.  The  power  used  by  the  larger  factories  has  been 
me^ured  by  means  of  recording  dynamometers  ;  or  in  cases 
in  which  the  use  of  such  an  instrument  was  not  practicable, 
the  amount  of  horse-power  was  guessed. 

In  1887  a  new  set  of  five  turbines  of  300  h.p.  each  h;\s 
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besii   biiilL     TliesL-    turbines   were   ori^iiKLlly  arranged  for 
driving  dyn:tmos  by  means  of  hempen  ropes.    Two  turbinesi 
are  still  acting  in  this  way;  they  drive  contiiiuous-currentl 
dynamos  of  700  volts  transmitting  600  h.p.  to  the  Kamm-I 
garnspinnerei   {a  worsted   spinning-mill)  at   a   distance   ofj 
about  500  metres.    The  current  is  transmitted  by  over  head  J 
copper- wire  ropes  to  the  factory,  and  there  feeds  a  number  I 
of  secondary  dynamos  placed  in  the  different  rooms.     Tvvof 
other  turbines  driving   two  single*phase  alternate  current] 
dynamos  of  300  h*p,  are   used  for  electric   lighting.     The! 
high-tension  current  at  2,000  voHs  is  distributed  throughout 
the  town  and  its  environs  to  twenty-three  transformers  by 
underground  cables.    The  transformed  current  of  120  volts 
is  again  distributed  by  underground  cables.     Overhead  wires 
are  admitted  only  beyond  the  limits  of  the  town.    At  present 
about  7,000  incaLi descent  lamps  and  70  arc  lamps  are  con- 
nected,     Tlie    electrical    energy    is    either    measured    by 
counters,  or  is  only  guessed,  and  is  to  be  paid  for  at  the 
rate  of  6  centimes  per  hektowatt-houn 

The  electric  lighting  plant,  constructed  by  the  Maschin* 
enfabrik  Oerhkon,  is  a  great  success ;  the  light  has  never 
failed  since  it  was  started  two  and  a  half  years  ago. 

The  fifth  turbine  in  the  new  house  is,  as  already  stated, 
being  fitted  with  a  three-phase  dynamo  intended  for  power 
transmission, 

A  prominent  feature  of  the  hydraulic  plant  is  the 
superposition  of  two  canals.  The  water  leaving  the  three 
turbines  in  the  upper  (old)  house  flows  through  a  canal 
underneath  the  visible  canal,  which  latter  leads  the  w%ater 
into  the  five  turbines  in  the  lower  (new)  house.  This 
curious  arrangement  was  necessary  so  as  not  to  interrupt 
the  working  of  the  old  plant  during  the  construction  of  the 
new  one. 

It  will  be  noticed  that  there  is  no  uniformity  in  the 
electric  arrangements  ;  there  is  a  little  of  everything.  The 
reason  of  this  is  that  the  different  portions  have  been 
designed  by  different  owners  and  at  different  epochs, 
according  to  what  was  considered  the  best  at  the  tim^.  It 
is  well  known  that  the  progress  in  electrical  engineering  has 
run  thi'ough  many  phases  wnthin  the  last  ten  years. 

The  water-power  works   were   in   the  possession    of  a 
vmnp'dny  till  last  year,  \vhei\  U^e^*  wtvc  purchased  by  the 
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inicipaiity  of  Sch;iffh;iii?ii*n,  winch   alreadv   owned  one- 
tirlh  of  thi*  >ih;ircs. 
It   ts  not   unlikely  that,  within  a  couple  of  yeai-s,    ihe 


Klij%try  oi  ScIiaffhauHcit  v\  ill  hav^  ^rown  ill  snch  ;i  rate  that 
un  citen^tfin  of  the  power-^ilation  will  again  bt*  neccss^iry, 
Tbcti  the  hydnmlic  part  of  the  plant  will  no  longer  be 
^afficteitl,  and  a  thorough  reconstruction  wUl  no  doubt  be 
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to  70  f*iT  cent.,  uml  in  this  way  get  ;i  turbine  for  a  givt^n  power  and  Prv/c^sor 
height  of  fall  which  has  twice  or  mori:  tinies  the  atiguliir  vi^locity  of  ''^^ 
the  lurhiiit:  that  s<^cms  bes^t  to  the  hydraulic  engineer.  Again,  as  hl0i 
spifcci.s  of  turl>irtc  arc  so  very  important  in  these  low  falls  it  is  to  be 
remembered  that  for  any  given  class  of  turbine  we  get  double  the  speed 
ifi  a  100  h,p.  turbine  that  we  get  in  a  400  h.p,  turbine  with  the  same 
height  of  fall,  aud  hence  it  may  be  very  important  to  have  more  units 
of  le^s  power  each.  It  docs  not  seem  to  nie,  however,  that  high-speed 
m;ichjnes  of  any  kind  are  in  great  request  in  Switzerland  whether 
driven  hy  turbines  or  steam  engines,  and  I  have  been  often  surprised 
to  see  the  large  ^im  of  exciters  rendered  necessary  by  the  slow  speed 
of  the  main  machine. 

{AdiUd  \Uth  Octobci\\ — From  I>r,  Amslcr*s  paper  I  tind  that  the 
^teel  wire  rope  used  now  in  power  transmission  at  Schaffhausen  has  a 
hfe  01  only  atrout  eleven  months^  so  that  the  loss  of  money  due  to  we^ir 
and  tear  of  ttie  rope  is  more  than  /^2  per  horse -power  per  year,  and  this 
**  35  P^r  cent,  of  ihe  gross  income.  This  ts  one  of  the  most  important 
pieces  of  information  in  Dr,  Amsler's  valuable  paper.  For  many  years 
every  professor  of  engineering  and  all  the  authors  of  the  best  liooks 
on  power  transmission  have  vaunted  this  best  and  largest  example  of 
transmission  by  ropes,  and  now  we  are  told  that  it  is  to  disappear  in 
favour  of  an  electrical  system  oi  transmission  of  power  to  I  he  mills 
t  tile  lowni 

Professor  F.  PnAtlM.  explained  the  Construction  and  Action  of  the   Praf  ria-cl 
Transformer  Turbine,  dealing  witli  the  first  experiments  he  had  con- 
ducted in  this  lield  in  April,  r8gf>.' 

The  investigations  were  undertaken  with  Ihe  object  of  hnding 
mt-ans  for  driving  dynamos  at  increased  speed,  directly  by  low-- 
pressure turbines,  without  having  recourse  to  a  large  number  of  rings, 
witJi  Ihe  aid  of  energy  irau  storm  at  ions  w  ithin  the  turl>ine.  In  the  type 
ajdo|"iled  tile  energy  available  in  one  nng  is  not  directly  utilised,  but  is 
trsiti-sf erred  to  Ihe  water,  passing  through  another  ring  of  passages, 
which,  therefore^  may  be  said  to  work  under  an  increased  head  and 
will  be  capable  of  yielding  more  povver  at  higher  speed.  An  additional 
turiniie  wheel  is  interposed  tietween  the  guide  passages  and  the  turbine 
wheel  proper.  The  priticiple  is  noveL  Turbines  witli  two  wheels  in 
scries  have  indeetl  been  propose<l  by  J,  Faulkner  and  by  ].  Hough, 
t\S.  patents <f  1.548 arid  i90,02>*,of  1H70 and  1877  respectively.  The  two 
whct^ls  revoked  in  opposite  direct  ions,  the  one  above  the  other,  aiul 
the."  speeds  of  their  c*>ncenlr(C  shafts  were  eouibinetl  by  suitable  gear- 
ing. But  it  was  not  suggested  lo  obtain  fitgher  speed  by  means  of 
intern;il  euerg)-  transformations.  The  s\'ntem  used  is  as  follows  \— 
A  Jonval  lurbinc  has  two  concentric  rings  of  guide  passages,  A«  outside^ 
am!  A,  inside  (see  Fig*  Al.  (Underneath  the  guide  rings  is  the  so-called 
ixaiisjormer  wheel,  with  two  rings  of    bucket   passages.  B,,  Bj  ;   then 


*  Pr^ifcs^or  Frazil  ha«t  sinee  published  a  ^utl  account  of  his  eontinued  re- 
Ksu^chc^  in  the  S<:hwa:trticHt'  th$tiSi'ttntij:i  Hxxiv,  Nos.  3r,2i^2j^of  Nov*  25^ 
Ilec^  J,  ***  !*$*>?.  from  which,  at  hii  request,  the  killovving  abjjlraet  has  been 
Itrrfxkred. 
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Pram,  follows,  again  underneath,  the  turbine  wheel  proper,  which  the  speaker 
calls  the  motor  wheel,  with  one  ring  of  passages  C.  A,  discharges  its 
water  into  B„  Aa  into  Bs,  and  Ba  into  C.  The  blades  and  vanes  of  At 
and  B,  are  normally  curved.  The  blades  of  Aa  are  simply  plane,  per- 
pendicular partitions,  sending  vertical  jets  of  water  into  the  passages 
of  Ba.  The  curvature  of  the  vanes  of  Ba  is  such  that  the  water  enters 
the  motor  wheel  C  under  pressure,  but  without  shocks,  as  if  direct  from 
stationary  guide  ports.  The  transformer  wheel  is  fixed  on  a  hollow 
shaft  surrounding  the  turbine  shaft,  and  suspended  by  a  collar  bearing. 
The  efficiency  of  the  system  is  determined  in  the  following  way  : — 
I^  Qo  Qa  are  the  volumes  of  water  in  cubic  metres  per  second  supplied 
to  the  transformer  wheel  rings  Bi  and  Ba  respectively, 

Erti,  Ella  the  available  energies, 

Ca    Ca  the  efficiencv  coefficients, 

i»        a  " 

H  the  common  head  in  metres, 
then  the  total  energy  available 

Lrt  =  £a  ,  +  Erta  =  y  H  (Q,  -f  Qa),  whcre  y  is  the  weight  of  a 
cubic  metre  of  water  =  i,ooo  kg. 
The  useful  energ\'  of  the  outer  ring  is  Ca  Erti,  if  we  allow  for  friction, 
etc.    This  energy  is  not  directly  utilised,  but  transferred  to  the  water 
passing  through  the  inner  passages  B^,  whose  useful  energj'  will  be 

ha  =  c,,^  E«.  +  Ert.  =  r.,^  y  H  (Q,  +  Qa)  =  7 Qa  H', 

where  H'  is  the  increased  head  acting  in  Ba, 

H'  =  (.,.2i+i)h'. 

Introducing  f/,  =  jj  t^  =  ^\  then 

The  head  has  been  increased  by  transformation,  hence  the  name  *'  trans- 
former wheel.''    The  symbol  €*  designates  the  ratio  of  transformation. 
Of  the  energy  L'<i  we  can  utilise 

U  =  C  .L'a  =  (ra^  {e.,^  y  Q.  H  -fyQaH); 

hence  the  total  efficiency 

and  therefore  the  efficiencv  ratio 


—  »/  — 


i\. .  fv  +  I 


(III.) 


From  equations  (I.)  and  (II.)  sheaves  oi  ev\t\es  (variable  parameter 
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tm  1  iire  derived,  from  which  it  is  sren  that  the  transformer  ratio  ^^ 
depends  much  more  upon  *v  tlian  upon  c  ,  whilst  the  opposite  applies 
for  the  eflftcicucv  r;ilio  «  , 

n 
In  order  to  delcrminc  tht?  speed  relations,  the  system  is  compared 
to  an  ordin*ir)*  single-ring  lurbine,  whose  wlieel  is  geometrically  similar 
lo  the  motor  wheel  C,  und  which  is  de^iigncd  for  a  water  supply  of 
IQ*  +  t?4  cubic  metres  per  second  under  thtr  head  H*  If  D'  is  the 
mean  di^imetcr  C'f  the  molar  wheel  C,  and  D  that  of  ihc  comparison 
wlieeli  then  approximately 
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The  ratio  of  the  circumfereiiti»l  speeds  u  and  u  likewise  r 

"'_      /M  -     /- 

«   —  V  H  ^  ^  *^ 

ence  the  ratio  of  the  number  of  turns  per  minute  : 

'-  =  'i  =  s!*k{h  +  i)  =  VC^r^HM)(v  +  0 

=(i*  +0/1  —  ^-^—{1  -  <?.*,)i  or  approximalely 

*j,s=(V, +  i)_4,^(i  _r,^)  .....  (IV, 

Equation  (IV.)  leads  to  a  sirailar  group  of  curves  (with  the  same 
parameter  <-<,  )  with  the  aid  of  which  the  **pecd   may  be  determined. 

I  Assuming*  an  efficiency  coefticient  r*  =0*80,  the  author  finds  ; 
lud  if  further  c* 

Thus  the  ti 
changing  f^ 

The  Ihird  queiitjon  i>  whether  the  momenta  of  the  two  rings  of  the 

an?.former  wheel  <tre  sufficiently  stable  to  prevent  speed  fluctuations 

^  fid  to  ensure  a  uniform  w^ater-feed  to  the  motor  wheel     This  problem 

answ^cred  by  investigating,  how  the  momenta  of  the  circumferential 
lorce^  vary  with  different  speeds  at  uniform  water-feed.  The  influeuces 
of  stiocks  are  neglected  in  this  deduction,  which  is  permissible,  as  the 
atpedments  prove.  It  results  that  small  variations  in  i^  and  in  the 
r»stance  do  not  materially  affect  the  speed  of  the  transformei- 
wheel* 

The    experiments  were  nidde  in  t/ie   Ri\ensburg  (\VurllemViet^> 

nch  ejiiM^Ihhmeni of  E^cbcr  WyB^&  Co.  with  a  Jonval  luThme,\\V\k\v 
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prof  Pmm  the  firm  phiccd  at  ttie  speaker*s  disposal.  The  arterations  were  designed^ 
for  a  water  supply  of  2  or  3  cubic  nielriJS  under  a  head  of  3111,  and  for 
e^=  I,  that  is  to  say,  equal  water  volumes  for  batli  rings  of  the  Irans- 
foniier  wheel  Aiisumio|(  an  efficiency  1-^^  =  074  for  the  inner  ring,  the 
foUowrnij  results  cowld  he  expected  :  t  =  17  or  i%  $  s=  088,  and  toLU 
efficiency  n  s^  0*65. 

It  would  appear  from  an  examination  of  the  tabic  ^iven  above  Ihal 
with*^  greater  than  i,a  higher  transformer  ratio,  and  with  f,^  Jess  than 
I,  a  higher  efiTiciency  should  result  than  with  f ^  =  k  Further  in vcsti^- 
tions  will  settle  these  points. 

The  suspension  of  the  transformer  wheel  from  a  collar  Ijeaiing 
which  had  to  be  undesirably  hxrgQ  caused  difhculttes,  and  the  bc^u-ing 
could  nol  be  placed  high  up*  as  there  was  liardiy  room  for  fixing  a 
brake  pulley  on  the  transft^rmer  wheel  sliaft— in  addition  to  the  turbine 
shaft  brake^under  the  ceiling.  The  bearing  was  hence  at  an  unsuitably 
low  level,  and  inaccessible  during  the  trial  runs*  Some  of  the  altera- 
tions had  to  be  made  under  water.  The  outer  guide  ring  A,  has  30 
blades,  the  inner  Aj  12  vertical  partitions  ;  the  outer  transformer  wheel 
ring  has  30  vanes,  the  inner  Br  40  ,  the  motor  wheel  C  is  providetl 
with  24  vanes.  The  blades  and  vanes  of  Ai  B,  C  arc  all  of  the  normal 
type,  with  an  inlet  angle  of  almost  90"^,  soon  passing  into  a  strong  slope ; 
the  vanes  of  B?  were  curved  more  symmclrically. 

The  numerous  experiments '  were  nol  conducted  under  ideal  con- 
ditions, but  with  great  care.  The  water  level  w*as  measured  at  ^1 
points^  and  the  flow^  in  seven  or  eight  different  sections  of  the  shuk* 
with  the  aid  of  Amsler  hydrometers  and  of  electric  and  other  signals. 
Two  chief  lines  of  investigation  were  followed:  i.  Brake  tests  at  %'ariahle 
brake  load  with'oul  water  measurements,  in  order  to  determine  the 
relation  between  speed  and  power,  and  further  to  study  any  back  re- 
actions of  the  motor  wheel  ;  2,  Efficiency  tests  at  constant  brake  load 
with  water  measurements.  The  aduiission  was  also  varied.  From  the 
construction  of  the  blades  a  maximum  transformer -wheel  speed  of  70, 
and  motor- wheel  speed  of  134  could  be  expected*  Tl>c  early  experi- 
ments yielded  speeds  of  55  and  120,  and  a  total  efficiency  of  53  per 
cent-  only,  but  the  uniformity  of  motion  was  satisfactory.  W^en  the 
admission  to  the  outer  ring  B,  was  reduced*  the  speed  of  the  transformer 
wheel  went  down  :  at  an  admission  of  18/30  (inner  ring  full  admission* 
the  transformer  wheel  stopped,  and  on  further  reducing  the  admission 
to  B„  the  transformer  wheel  began  to  reverse,  making  t%  rc^^olulions 
w*hen  the  outer  passages  B,  were  cut  out  completely.  At  that  momcnl 
the  motor  wheel  C  gave  1575  h.p.  at  80  revolutions,  its  speed  having 
diminished  duiing  the  period  of  partial  admission  to  the  outer  ring 
B,*  An  increased  water-flow  through  the  inner  vanes  of  B,  also  im- 
paired the  speed  of  the  transformer  wheel  and  the  efficiency  of  llie 
system.  This  was  recognised  to  be  connected  with  the  water  leakage 
through  the  clearance  betw^een  the  transformer  and  motor  wheels,  a 
point  which  was  further  studied    theoretically  and  practically,    *Jlit! 

^  Tabulated  ill  deVa\\  vn  l\iit  p'A^ti:  \^.  vX\ 
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clearance  amounted  to  5-5  mm, ;  when  reduced  to  2  mm.,  the  speed  and    prof  Prm\ 
the  power  ro^,  the  latter  from  38  5  to  46  li.p. 

As  Ihe  unsiiti^'actory  syspeiii^ion  of  ihc  traEisformcr  wheel  and  thrive 
various  dcfei,b  did  not  ^ufftctently  ;iceount  fur  thu  tomparalivcly  low 
%-aLlurs  reah.Ncd*  tfje  speaker  tin;illy,  after  a  study  of  the  velocity  dia< 
IJraniN  altered  the  ^hape^  of  the  blades  in  Bj  whkh  pnived  too  steep  at 
t  he  inlet .  The  to  tal  e  ffic  len  cy  t  h  en  ro^e  I  o  6  j  '3  pe  r  c  en  t ..  the  mot  or  wh  ee  I 
developing  49*5  li.p.  at  r44  revolutions,  althongh  now  a  leakage  lurcame 
app^LTcnt  through  the  cleaiance  between  the  guide  rings  and  the  trans- 
lormer  wheel.  This  clearance  was  also  5*5  mnin  and  could  not  be 
reduced. 


Af  fA^  ■  F/Med  guide  -pttsa^ges 
Fig.  a. 


llic  ioUowing  conclusions  arc  drawn  from  the  experiments  :— 
*nie  tiansformer  turbines  would  only  be  suited  for  low,  variable 
I^jkIs  and  direct  coupling.  Their  construction  and  erection  wotdd  not 
Mer  any  particular  difficulties,  apart  from  the  transformer  wheel  sus- 
ficn^n,  nor  imolve  high  expense.  Regulation  by  partial  admission 
codld  be  appliei  to  the  outer-ring  passages  of  the  transformer  wheelj 
rtfifl  the  nrrangei.  icul  also  be  adapted  to  Kraucis  turbines, 

Mr,  A.  L'EHLt .  'GER  :  The  old  %va!er-power  w^orks  were  completed  J 
;ib<Mit  tlitrtY^thrt«e  years  ago,  and  were  regarded  a^  quite  an  important 
eaterprisc  at  that  j  ^  me.  The  wire-rope  transmission,  conveying  about 
500  h-p,  a  distance  oi  700  metres  was  a  great  advance  on  previous 
pcactict"  ^nff  St  h^  ;  found  numberless  imitators.  After  having  been 
worki  thk:  ^.^'^^^trcc  years,  in  whkh  time  but  very  tew  q\  \\\e 


^f*ta 


K, 


■tion  bitve  beva  renewed,  there  is  no  woudct  ftval 
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tins  pknt  h  in  such  a  state  th:it  tt  would  not  serve  mnch  longer.  For 
this  reason,  and  in  ordtT  to  utilise  the  water  power  as  fuUy  ^s  po<.sible, 
a  complete  change  in  the  system  of  power  Iransmtssion,  namejly,  from 
mechanical  lo  electrical  transnitssioiij  is  being  effected*  Thh  Irans- 
formation  was  taken  in  hand  about  one  year  siuce  and  will  he  completed 
in  the  course  of  the  year  igoo. 

Until  now  the  coustimcrs  have  been  bouud  to  the  banks  of  the  river 
Rhine^  along  which  the  wire  ropes  transmitted  the  power,  Imt  as  soon 
as  it  is  transmitted  elect rieally  by  wires  and  cables  there  will  be  no 
limit  in  any  direction.  In  consequence  of  the  increased  demand  for 
power  there  will  be  not  only  an  iiUeration,  but  an  extension  of  the 
system*  The  power  can  be  increiised  either  by  using  a  greater  quantity 
of  water  or,  preferably^  by  increasing  the  head  of  water. 

During  the  two  periods  of  maximum  high- water  level  in  this  century 
the  Rhine  discharged  about  J^ioo  cubic  metres  per  second  ;  at  the 
lowest  wakT  level  about  90  cubic  metres  per  second.  It,  however,  very 
s  e  Id  o  m  h  as  a  vol  u  m  e  of  1  e  ss  th  an  1 00  c  u  bic  met  re  s  pe  r  seco  nd .  In  des  ign- 
ing  water-power  slations  the  engineer  of  tc-day  does  not  base  his  calcuJa- 
tions  on  ttie  minimum  discharge,  but  only  on  a  modirak  discharge,  at  low- 
water  level.  In  this  way  it  is  possible  to  get  the  efficiency  considerably 
higher  during  the  greater  part  of  the  year  without  any  increased  cost 
corresponding  lo  the  greater  effect*  During  the  short  time  of  the  lowest 
water  level  a  good  steam  or  Dawson  gas  reserve  mtist  be  kept  up*  On 
examining  the  curves  showing  the  discharges  of  water  by  the  Rhine  wc 
find  that  at  least  120  cubic  metres  per  second  are  at  the  disposal  of  tht 
work. 

The  head  of  waler^  amounting  to  4  metres,  obtained  to  the  extent  of 
three-fifths  by  means  of  a  natural  sill  of  rock  in  the  bed  of  the  river 
and  of  tw^o-hfths  by  a  solid  artificial  dam,  built  with  great  difticin*! 
during  the  years  1863  to  1865,  might  be  raised  i  metre  at  least  durij 
the  period  of  low  water-level  in  winter^  by  making  the  dam  higlj 
We  shall  altain  this  by  replacing  the  solid  dam  with  a  movable  si 
weir.  It  will  allow  of  bringing  tlie  head 
metres,  which  will  afford  6,000  b.p,  at  low- 
mentioned  discharge  of  120  cubic  metres  per  second. 

It  must  be  mentioned  that  the  conditions  of  the  Rhine  a/  1  Stteff-j 
ha  use  n  and  Neuhausen  arc  very  favourable  to  water-power  in*     4jtii(>li 
because  the  fall  of  the  water  is  concentrated  wjthin  very  shr      ^f,  h,  ; 
.ilong  the  river,  so  that  we  can  dispense  with  canal  works,   ifi^  |13cl|i. 
of  water  does  not  vary  as  much  as  in  other  rivers  and  we     ^^   \f(tjaw* 


1  aam  wim  a  ina\aoie  m  jt^ 
id  of  Waaler  up  to  at  U^st ' 
V- water  level,  with  the  Ahofn 
tier  sKCond.  * 


fully  high  flood  waters,  as  other  Alpine  rivers  have  perioi^^ 
the  Lake  of  Constance  serves  as  a  regulator.     The  w 
lutcly  as  clear  as  crystal  and  thoroughly  free  from  silt 


,^\^^' 


*CP^ 


With  little  difficulty  the  falls  of  the  Rhine  at  Nt  ^^'^^i^^a^cim-  '^ 


utilised  for  very  high- water  power  by  digging  a 
the  Schloss  Lauffen  to  a  power  station,  situated  bcl 


^ti^^ 


i^l- 1^  iK 


Rhine,  discharging  the  water  under  a  head  of  fulL^-^^*  '     ..mpWoi^^ 


relatively  small  distance  of  not  quite  400  metres, 
available  about  a8,ooo  h.p,  at  the  lowest  cumpy 
tmc$it  it  i»  priivtded  that  \io  undcvtakuvg^  of  j 


i4i«ft 


Villi  ^^*  ^ 


DtSCl'SSlOX, 


1^1 


carrkrcl  oul,  and  so  one  ol  the  nio^t  charm rirg  fails  in  the  world  is  pro- 
tected from  dev^itilation. 

Mr,  Vj.  L.  AtJiiESBkouKE  :  The  instidhdion  at  Scliaffhutiscn  and 
-evcral  other  of  Ihohe  wc  havtf  ^ee^  formed  excellent  examples  of  what 
coiiJd  be  done  by  means  of  overlieiid  %virc!5,  aud  it  has  been  pointed  out 
that  some  of  these  wires  have  already  lasted  twelve  years  in  an  excep- 
tiofuily  tr\ing  situation.  Seeing  that  wires  of  this  character  arc  practi- 
cally prohibited  in  England,  the  opportunity  seems  to  me  a  good  one 
Jot  raising  the  question  as  to  how  far  this  policy  h  a  sound  one,  as  it  has 
alr^dy  had,  there  is  no  doubt,  a  very  deleterious  effect  on  English 
enterprise. 

Mr.  L,  BiRK:^  having  moved  the  adjournment  of  the  discussion, 
On  ihc  motion  ot  the  FkKsint^NT,  a  cordial  vote  of  thanks  to  Dr. 
Ani^kT  for  bis  interesting  paper,  to  Herr  Ingenieur  Uehlinger  for  the 
inuit'itidg  diagrams  that  he  had  exhibited,  and  to  Profesbior  Prabil  for 
iih  valuable  contribution  to  the  discussion  on  the  ^^uie,  was  carried 
iiiunimously. 

Professor  R  Thkkli-all  moved:  *^That  the  best  thanks  of  the 
Irv^itution  of  Electrical  E^ngincers  of  London  be ,  and  hereby  is»  given 
'J  the  Dircctur  and  Teaching  Staff  of  the  Polyleehnikum  of  Zurich  for 
he  Hie  of  their  Aub  for  the  purpose  of  this  meeting,  and  for  their 
;;rut  kindness  in  conducting  the  members  of  the  Institution  present  in 
twitter  land  over  the  admirable  Laboratories  of  the  College." 

The  motion  was  seconded  by  Professor  C.  A.  Cakus-Wh-SON,  who 

i';mimJcd  the  members  that  several  of  die  professors  had  returned  to 

Ik  t'olytcchnikuni  in  the  midst  of  the  summer  vacation  especially  for 

urpose  of  accompanying  the  party  through  their  several  depart - 


Mr, 

Mr.  AdtU  n- 
brw)ke. 


Mr.  Hirl<» 
lYrtUli'iii, 


Ci*ru«H 


■tion,  on  being  put  to  the  meeting,  was  carried  unaiymouslj. 
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asking  for  subscriptions  to  help  to  equip  the  party  of  nienj 
frosti  OLir  Electrical  En|^ineer  Volunteer  Corps  (hat  is  to  go  I 
to  the  Cape,     I  think  this  is  a  favourable  opportunity  of] 
exphiining  better  than  I  was  able  to  do  in  my  circular  letterij 
both  what  is  intended  and  what  is  the  history  of  the  move-] 
ment  up  to  the  present  time.     The  primary  object  that  the! 
corps  had  in  view  in  placing  a  selected  party  of  men  and 
officers  at  the  service  of  our  Country,  was  that  ihe  Govern- 
ment  should  have  at  their  disposal  the  services  of  a  body  of 
picked  scientific  nten  whu  combine  science  w^ith  practice^  < 
and  who  have  sufficient  familiarity  with  the  modern  develop- 
ments of  electrical  engineering,  together  with  the  technical 
knowledge  w^hich  they  have  acquired  during  tJie  past  two  or  i 
three  years  in  the  use  of  war  plant.     The  Government  have  | 
accepted  these  services  provisionally  ;  that  is  to  say,  we  are 
now   waiting  for    ijistructions   from    Lord    Roberts   at    the 
Cape,  as  to  the  natiu-e  of  the  plant  witli  wiiicli  we  ai'tr  to  be  j 
equipped*     1  can  tell  you  nothing  further  at  present,  even 
if  it  were  desirable  to  do  so,  for  the  sources  of  information 
of  the  Pretoria  journals  reach  very  far. 

In  reply  to  certain  questions  put  to  me,  I  may  say  the 
Government  no  doubt  will  supply  us  with  all  the  equipment 
that  we  require  of  a  definite  nature — engines,  dynamos, 
projectors,  cable,  reels,  telegraph  apparatus  and  the  lik^e. 
But  there  is  otlier  apparatus  and  also  comforts  for  our  mem  I 
which  it  is  highly  desirable  we  should  have,  and  which  c;  m-l 
not  be  provided  out  of  the  Government  grant,  and  it  is 
these  two  purposes  that  it  is  intended  to  devote  the 
handsome  subscriptions  that  we  have  already  received.  /  U|i 
to  the  present^  considerably  over  ;£8oo  has  come  in 
reckon  that  the  amount  will  reach  ^^  1,400  or  £i,S^^J^ 
is  the  sum  I  should  like  to  see  it  reach.  At  this  sti^,  -^igel* 
not  particularise,  and  will  only  say  that  nothing  1  /  ***'^| 
me  more  than  the  public  spirit  and  generosity  J.  j^ 
It  has  been  perfectly  extraordinr'/sp,l(,<^^  j^j^tr 


our  members, 

profoundly  touched  by  iL     We  are  not  going    the  o 
ing  party*     Those  who  go  out  are  going  rnor  >  of  B 
of  saving  or  diminishing  the  vast  waste  of  lif,,^^*^*^^ 
going  on  in  South  Africa^  by  shielding,  if  'Y  *^  T^.' 
do  so,  our  soldiers  in  passing  through  that  |  piacii 
Are  that  they  have   had  to  traverse,   in  / 
at   night   tJjat    has   hitheTto  been  cmw^ 


ofitas] 
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id    in  such   like   operations.      Our   work  will    be  of    a 

rumble  nature,  which  will  not  be  much  thought  of  by  the 

ji^ar  correspondents,  but   I  hope  it  will  be  none  the  less 

jful.     [  hope  that  the  move  we  have  made  is  a  right  one, 

w  I  am  afraid  that  the  fault  so  far  has  been  that  every  one 

las  trusted  far  more  to  English  bull -dog  pluck  and  tenacity 

ind  perseverance  than  to  the  undoubted  good  engineering 

id   high   scientific   qualities   that   Englishmen^  above   all 

^others,  possess,  when  they  are  under  fire  and  in  difticult 

ircumstances,     I  believe  that  we  can  show  thiit,  and  that 

re  can  do  some  useful  work  for  our  country. 

The  President  :  The   business   before   us   now  is  the 

cliscussion  of  the  Report  of  the  Swiss  Visit  Committee  on 

the  visit  of  the  Institution  to   Switzerland,  in    September, 

1899,   which   has  been    duly   printed    and   circulated,   and 

Kvrhich,  by  your  leave,  will  be  taken  as  read- 

REPORT  OF  THE  SWISS  VISIT  COMMITTEE  ON 
THE  VISIT  OF  THE  INSTITUTION  OF  ELEC- 
TRICAL  ENGINEERS  TO  SWITZERLAND  IN 
SEPTEMBER,   1899, 

le  prosrramme  and  itincrtiry  of  the  vHli  vvere  arranged  by  a  committee 

tiled  by  the  Coundl  oi  Ihe  Inslihilion  on  Ihe  9th  of  MarchJ  consisting  of 

W*  Swan^  F.R.S,  (President,  Professor  W.  E.  Ayrton,  Mr.  H,  Edmunds, 

A,  Fleming,  Mr>  W.  M.  Mordey.  Mr.  R.  P.  Sellon,  Mr.  A.  Siemens^  Mr- 

iSpsignoletti,  and  Professor  Silvanus  P,  Tiiompson,  F,R,S.  (iiftcrwards 

I,  acting  in  oxjperation  with  Cnlnnel  F,  E*  Hub^r  of  Oerlikon,  Mr, 

Brawn  of  Haden^  and   Professor  W.  Wyssslinj^  of  Ziirich,  who  ton- 

Swis.^  Reception  Ctmimittt'e,  ;ind  to  whose  genial  hospitality  and 

devotion  of  time,  energy,  and  knoiiv ledge  the  success  of  the  meeting 

ino^l  pait  due. 

ot  technicat  notes  descriptive  of  the  works  visited  was  dr^wn 

if  Wyishtig  for  presentation  to  the  members  of  the  parly ^  and 

reciated  by  them.    This  collection,  with  a  few  slight  alterations, 

fniial  Jiutes  (compiled  on  Ihc  same  method)  concerning  works 

I  »iot  referred  to  in  the  originiil  paniptJel,  are  here  reprinted. 

^'•icise  acLTumt  of  the  variovis  insialhition^  in  a  h>rtn  emifjcntly 

^untfi  C  tnce.     An  indct  k  given  below* 

''^^^'dt^MBnihted  at  Ba^cJ  on  the  morning  of  Saturday,  September  2nd, 

ndjjiil^  Hheinfelden  and  liaden  to  S^iirith,  where  they  arrived  the 

stayed  unlil  the  following  Wednesday.     At  Kheinlelden, 

power-station,  the  memberis  were  most  hospilahly  enter- 

Jre  Directors  of  the  Kraft libertragungsiwerke,  where  they 

,w'ho  had  travelled  from  Berlin  in  order  to  be  pre^nV. 

Jit'  iVfirks  of  Messrs.  Brawn,  Bovtsrj  5c  O^.  al  ftadcwvjcrc 
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On  the  morning  of  Monday,  September  4th,  a  visit  was  paid  to  the  works 
of  Ihe  Mascbjiienfabdk  Oerlikon  and  to  Ihe  generating  stalion-ij  of  the  Ziiricti- 
Oerlikim-Stiebach  eledric  tomway.  In  tire  afternoon  .1  few  of  thir  membeni 
visited  tlie  work?^  of  MessfK.  SnUt^r  Brcjther^  mid  ibose  of  ihe  Swiss  l^oco- 
raotive  Factory  at  W'interttuir  ;  but  the  majorily  remained  in  Ziirieh  to 
inspect  ttie  works;  of  Messrs,  Ef»clicr  Wvss  &  Co,^  the  municipal  centra! 
station  a  I  I^lten,  ^nd  the  transt'oriner  siTJvstation  at  Selnau. 

On  Tuesdiiy,  Scplembcr  5lhj  the  grc^lt-r  number  ni  ihe  party  proceeded 
to  S  chaff  Hansen,  \isitin^  the  ttid  iind  new  power-statiinis,  Ihe  worsted  mills, 
and  the  Falls  ojf  the  Rhine,  imd  ealling  at  ihe  works  of  Mejisr*i*  SuUcr 
Brothers  on  tite  return  jotirtiey^  \ehilsl  Ihe  remainder  of  the  party  were  shown 
over  the  L3 tides  Miiseutn  bv  the  Direi^tor  (Mr.  H*  Angst,  who  is  also  die 
British  Con*Jul-Gcnerah,  and  overiUe  ^ilk-weavin^j  works  at  Kiitl  on  the  Lake 
of  j?firich.  A  few  of  tliose  who  took  p^irt  in  t!ie  excursion  to  Svhaffhiiuiscrn 
were  nble  lo  visit  the  steel  wtirki?  i*f  Herr  Georg  Fischer. 

On  the  same  evenini*  the  wholu  partv  enjoyed  the  princely  hospitality  Qf 
the  Swiss  Kleetrn-Techntc:*!  Sficsety,  :itid  of  the  M^iscbitienfabrik  Oerlikon, 
Messrs,  Brown,  Boveri  &  Co.,  iind  Messrs.  E seller  Wyss  S  Co,,  by  whom 
they  were  entertained  at  a  Banquet  K^ven  hi  honour  *»f  the  [ustitutiim  in  the 
Tonhalle  at  Ziiridi.  It  was  to  the  great  reknel  of  ;ill  the  f^nests  Ihitt  Colonel 
Hubcr  was  prevented  by  illness  from  altending,  but  a  letter  of  welcome 
written  by  him  was  read  by  Mr.  A.  Hurler,  the  Secretary  of  the  Maschinen- 
f^hiik  Oerlikon^  and  liis  place  in  the  chair  was  taken  by  Professor  Wyssling. 

The  moiMiing  iif  Wednesday,  September  6th,  was  devoted  to  a  meeting,  al 
which  the  President  liHjk  the  eh;iir,  in  the  AuUt  of  the  Polyicchnikum  in 
Zurich.  A I  tbis  meeting,  after  an  address  of  welcome  from  Frofessor  Dr. 
Gnehm,  a  paper  by  Dr.  Alh^eci  Atn^ler'  on  the  ViUnfitiini  of  VWthr  ptmrr  ttt 
Sckiiffhattst'ft  wnA  read  ;  a  discussion  ensued,  in  which  Mr.  Gisbert  Kapp,  Mr. 
E.  K.  Scott^  Professor  J.  Ferry,  Professor  Prfiiil,  Mr.  Fehlitiger  aisd  JS^U, 
Addenbrooke  took  part.  On  the  moiiut^  of  Mr.  Birks,  ihe  diseussion  oiiJitHc 
paper  and  on  the  various  fvjinls  c»f  interest  arising  out  of  the  vJsit  to  Swit  ,j[j^ 
land  was  adjourned.  A  vote  of  thanks  was  u n;tnhn oust y  accorded  t<.^^iDfJ 
Amsler  for  his  paper,  which  it  was  agreed  should  be  printed  in  the  Joi  < 
The  meeting  closed  with  a  vote  of  llianks  lo  the  Directt^r  and  Staff  i^  ^'{ 
Folytechnikum  for  the  use  of  the  Aula  for  the  meetitig,  and  fo 
kindness  in  showitig  the  party  over  the  Poly  lech  nikumt  si»me  of  t^*' 
feasors  having  returned  to  Ziirich  irj  the  middle  of  Ihe  vacation  espeid* 
the  purpose.  This  voIl\  011  the  motion  of  Frofesstir  ThrelfaHI.  sect], 
Professor  Carus- Wilson^  was  carried  by  acclamation. 

Till-  ntceting  was  succeeded  by  a  lunrh  given  by  the  memheis 
to  thejr  Sw  iss  hosttii,  the  President,  Profe^^sor  Silvaiius  Thompst  ^*^ 
All  opportunity  was  thus  afforded  to  present  to  Dr.  Max  Hube*] 
his  father,  to  MnC.  E,  L.  Brown  and  t^i  Dr.  Wyssling,  *i*it    /f^'^*^!^ 
containing  lite  srgn.ilurcs  of  most  ni  thnsc  presetd,  lugethcr  *^  ^"*"  n  i 
I'i^st  Frcsidenh  uf  Hie  histilnlnio,  ^.fP^^^p 

In  the  aflcrin>on  meinhcr^i  were  Ci^tidueted  over  Ihe  difft  A"C   OliJ 
ol  the  Polylethihkum,  ,nid  then  proceeded  to  l^uifern.  wher-  f  of  B 
lor  :he  night.  micitn 

,\n  early  start  was  lOiitic  nu  1"tiet«lay,  Seplcuiber  5lh,  thJc^  wal 
by  btat  to  Stansstad,  ami  tliLivcc  by  the  electric  raibTmotof 
vkwing  the  power-house  on  the  way  ;  Ihey  then  tnivi  ll/p^  .^^(|^ 


See  tbt^  vvAume,  v,  \'% 
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Pass  to  Interlaken,  which  became  the  headquarters  for  the  remainder  of  the 
visit. 

The  Rathausen  power-house  at  Lucerne  was  open  for  the  inspection  of 
members. 

Friday.  September  8th,  was  given  up  to  a  visit  to  the  Jungfrau  electric 
railway,  the  journey  being  made  vi/i  Lauterbrunnen,  where  the  power-station 
was  inspected,  and  the  Wengern  Alp  railway,  to  the  Klcine  Scheidegg,  the 
starting  point  of  the  Jungfrau  railway,  and  returned  thence  via  Grindelwald 
to  Interlaken.  From  the  Kleinc  Scheidegg  the  party  were  conveyed  over 
the  Jungfrau  Electric  Railway,  so  far  as  it  was  then  completed,  namely  to 
the  Rothstock,  alx)ut  t;,50o  feet  above  sea-level,  and  a  distance  of  about  two 
and  a  quarter  miles  from  the  Scheidegg  station. 

On  Saturday,  September  gth,  members  travelled  to  Thun  by  railway, 
calling  at  Spiez  en  route  to  view  the  Kanderwerk,  in  which  is  generated 
the  power  for  the  Burgdorf-Thun  railway.  After  lunch  in  Thun  the 
members  assembled  in  the  Kursaal,  and  votes  of  thanks  to  the  President, 
proposed  by  Professor  Threlfall  and  seconded  by  Mr.  Trotter,  and  lo  the 
Sccretar>-,  proposed  by  Mr.  Ferranti  and  seconded  by  Mr.  Mordey,  were 
carried  unanimously.  The  afternoon  was  spent  in  examining  the  technical 
equipment  of  the  Burgdorf-Thun  railway.  With  this  visit  the  official  reunion 
in  Switzerland  ended. 
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/I —FACTORIES  nr  THE  ORDER  IN  WHICH 
THEY  WERE  VISITED. 


I. — Works  of  the  Alioth  Electricity  Company  {Elektricitdis 
Gesellschaft  Alioth),  at  Miinchenstein,  near  Basel 
(and  Lyons). 

F'ounded  1881. 


{Visited  by  some  of  the  Party,  Friday y  September  ist. 


Number  of  Workmen  : — 600. 

Number  of  Staff :— 120. 

Departments  of  Works:— The  Firm  manufactures  dynamos  for  direct 
and  alternate-  (one-,  two-,  and  three-phase)  current  dynamos  (from  30  to 
1,200  HP.)  ;  motors  ;  transformers  ;  electrically  driven  cranes,  tools, 
and  fans  ;  switchboards  and  the  various  apparatus  and  fittings  required 
in  electric  lighting.  It  also  undertakes  the  design  and  construction  of . 
lighting  and  power  installations,  electric  railways,  electro-chemical 
installations  and  the  like. 


-The  Electrical  Works  of  Brown  Boveri  &  Ca,  Baden  (|^* 


zerland)  (and  Frankfurt'cim-Main)* 


Founded  1892. 


{Visited  Saturday ,  Septemhcr  ind.] 


Number  of  Workmen  : — 1,300  at  Baden  and  350  at  Fratikfurt-ani 
Number  of  Staff : —  170,,       „        „     40^, 

Motive  Power: — Water  power  from  the  Limniat  (Ct^nlral  Stat 
Power  distribution  by  two-phase  alternating-current,  with  a 
Floor  space  of  the  works        about  26,000  square  metres, 
Area  belonging  to  the  works     „     80,000  ^, 

The  principal  departments  are  exclusively  engaged  m  bu 
and  alternating-current  machinery,  including  gener 
transformers,  high-tension  apparatus  and  switchbnar 
Work  produced  :— 

since  1892 
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Principal  Departments  of  the  Works :— Steel  foundry,  formerly  using  the 
Siemens-Martin  and  crucible  processes  only,  but  now  employing  a  con- 
verter-process. 
Electric  welding  shops,  using  the  Slavianoff  and  Benardos  processes. 

Power  Distribution :— By  compressed  air  at  6  atmospheres  pressure,  for 
small  cranes  and  tools. 
Electrical,  from  a  500  HP.  Sulzer  engine,  driving  a  three-phase  generator, 
and  distributing  at  365  volts  to  about  45  motors  of  from  i  to  165  HP. 

Speciality :— Soft  cast-steel,  with  magnetic  properties  similar  to  those  of 
wrought-iron,  especially  applicable  for  electrical  purposes  ;  and  harder 
steel  castings  for  various  purposes. 


8.- 


-The  Rfiti  Silk  Weaving  Factory  {Meckanische  Seiden- 
weberei  Riiti),  Zurich. 


{Visited  Tuesday,  September  $th.) 


The  Introduction  of  Electrical  Driving  resulted  from  the  succe^  of  m 
experimental    installation    put  down  in  1895  by  the   Maschinenfabfft"  | 
Oerlikon  to  drive  20  of  the  looms  in  theiie  works.     In  i8g?  the  wbote  \ 
factory  was  changed  over  to  electrical  dri\ing* 

Number  of  Looms : — 404. 

Motive  Power  : — Water  power  by  two  30  HP.  turbines, and  a  70  HP. 
engine. 

Electrical    Generators  .—For   Power,  a    100   HP.    three-phase    gjen^ate 
rotating  at  500  revolutions  per  minute,  and  producing  a  currthi  it  3W  J 


volts  with  a  periodicity  of  50. 


For  Lighiiuffy  an  Oerlikon,  59  HP.,  four-pole,  contmuous^cmrenU  iyjaiSOt 

rotating  at  820  revolutions  per  minute,  and  produdng  a  cvnfcijtof 

amperes  at  125  volts.     Connected  with  this  generator  is  a  bjatiffico*  7^] 

accumulator-cells  of  1,404  ampere-hour  capacity. 
The  power-  and  lighting-systems  are  kept  entirely  separate,  3  ■ 

mcnt  is  made  by  which,  if  necessary,  the  exciling-curreiU 

phase  generator  may  be  drawn  from  the  lighting  dvTiann^ 

accumulator  cells,  instead  of  from  its  own  direct -coup  leu 
Electrical  Conductors :— The  main  cables  are  carried  al 

ways,  so  high  that  a  man  may  pass  through  Ihem, 

rooms,  and  provided  with  transverse  galleries  at  inti 

the  conductors  and  the  fuses,  which  are  also  placet 

therefore  accessible  for  repairs,  and  there  ari:  n( 

running  thnuigh  the  rooms. 
Lighting:-  In  the  weaving-riK)nis  incandescenl  lights 

brought  to  them  carried  through  iron  upright 

the  other  rooms  inverted  arc-lamps. 
Motors : — One  motor  (940  revolutions  per  minute}  U 

looms  i  HP.,  for  Jacquard  looms  and  other  wori 
Electric   Lift:— An  Oerlikon  500-kilogrammes  go 

3  HP.  continuous-current  motor  driven  fronj 

from  the  accumulators.  0% 
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AREA    OF   SUPPLY. 

Power :— Current  is  pro  voided  for  smalt  inr»tors  in  busint^iis  quarler^,  ^nd  fwr 
I  lie  sub'iitationa  at  the  Tonhalle,  and  at  the  physical  and  cheniital 
laboratory  buildings,  and  for  the  Post  Office. 

Light :— All  private  and  public  lighting  in  the  town  of  Ziirich. 

Trams :— Current  either  direct  or  through  the  sub-station  ^*Selnau"  (at 
present  4 — and  when  other  proposed  lines  are  completed  lO — lines  in 
use,  partly  private  and  partly  belonging  to  ihL-^  town). 

WATER   POWER   PLANT. 

(Property  oi  the  Municipal  Water  Supply.) 

The  whole  of  the  river  Limmat  with  dani»  conveyed  by  canal  to  lurbincsu 

FaJI  t- — V^ar\  ing  from  15  lo  3  metres. 

Turbines  (including  ihuse  inr  Ihe  VV^-iler  Supply) : — 10  Jonval  Reactbfl 
Turbines  of  101-150  HP,,  2  high-pressure  turbines  driven  from 
accumulated  water  at  15  atmospheres  pressure^  300  HP.  at  ioo  revolu- 
tions per  minkite.  The  accumub^ted  water  is  pumped  up  into  a  reser?mf 
u>r  driving  the  high-pressure  Inrbincs* 
30a  HP,  sieain  engine  as  reservei  valve  regulation. 


STEAM  PLANT. 

Galloway -Boilers,  nred  with  gas -coke. 
Horizontal  Steam  Engines:— 

Comprumd  engines  with  valve  regulation. 

Tandem  „  ,,     the  Fdkart  method  of  reguhition. 


ELECTRICAL    PLANT. 

stem  ;— Single -phase  aliemaUng  current,  at  50  L^dl^V;  per  secon-d<iisd3,0«' 
volts^  for  light  and  power.  y^  *  ™ 

Three-phase  current^  at  50  cycles  and  2^f^  volts,  for  the 
station. 


cycles  and  i^/g^  volts, 


r^mwa)'  Mb- 


station. 
ContinucjU3!i-t;urTenl,  500  volis.  for  driy^  ^^^^  tram^  direct. 
Deneraiors  :— The  older  ''iJtennilin^;^*^^'^^^^^  generators  are  ol 
th  rotating  armature.        ,^   ^  J 

Ihrecpliasc  g«ierar^,^     .,,,  stationary  winding*! 


with  rotating  armature.       .^    ^ 
^^  ImlSrC  ^''"'^^rs  wUh  .lalionary  winding,  , 


,„  .,H..-V.u  pmvS  both  g..««tor.  (.  phasc  .-f  «»- 
CiinH*'^''  condtic;'    '''.    _i„  ^hft-^ecnrrem).  | 


m  MejM-'-™  t'^    'ol  Doui  fe' 

j*,.i.  condticf'     ''.    ^. ,  nhase  current). 

arc  run  to  the  <^'-"        ,  ,  „er  cent.  f 

with  a  •"«•'•«"•«  l-^f^^P„ur  station  «  a-J 
Three-phu..:  '-•a^'^^,"7,o„i  each  ^mgle  Wn*t 

but  i^  ^^  T 
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EXTENSION   AND   OUTPUT. 
Water  power:     MmiuRim  ^»oo  Ht^,  iiiJitriil  riwxi  HI'..  niAximiim  i.tma  Ml' 

I*TMvi%ii»ri  lor  ciit.ir^tng  huililittgn  tti  t»tilt-i:  tlit  in;n(iiTnmi  lior-t  piHvti , 
Turbiiiet  for  the  water  supply  i 

4  L«»w  pre**wc  al  i?5  HR.  d  .it  loo  Ml:, 

J  High         *,         ,,  JtOO     ..     uikJ  2  4l  10  HK 
Stesna  eogines  :— 

1  Steam  cn^me  at  750  and  2  M  i.ooo  HR,  toul  1,750  HP. 

t  ,.  »,  500  HP.  for  walcr  supply, 

ctiic  Gtntrators:-- 

4  tinil^  of  yoo  HP-.  J  untJ  at  750  HP.  and  2  of  r.ooo  HP..  Inial  ^,QjP  HP, 

I  unit  of  300  HP.  ior  ct>n  Lin  nous  trurrtnt. 

30  vtatirms,  60  iransform^r*.  at  29  kilowatls,  t<itat  l,2*xi  kilo  via  lb. 

Conductors  I'tiaciground  Uihrrs- 

Ajwarv,  lobil  lefigfh  t>r  I  me  u  kikimctrL"^. 

Lrn|t«li  t»f  wire  43        », 

.Sifiin/l^iM'.  tobiJ  IrngUi  of  line  30         „ 

Length  of  wire  200        „ 

1 0*  5tiprh  tw  the  whole  pbnt  aboul  6  squ^ire  kilometres, 
hting:— Q>nnection3  equivalent  iv  ihal  of  ji>ooo  ifi-caiulle  jK'V\'cr  riormal 
tamp*. 

r: — 200  motors  with  a  toLil  of  300  HP* 
Tram  ^ub-btj^hon  3  motors  at  300  HP.  or  a  tijtal  of  900  HP. 

ENGINEERS   AND   CONTRACTORS. 

Ocnrral  sAiptrvi'^ion  *ii  tlie  tirsl  elecfric  plant  ;— W.  WyssUngi  Engineer, 
of  ftirthcr  cxU*!tsi4His^  t-  H.  Wagner*  Engineer, 
'Knt  plan*     -Eschcr  Wyss  &  Cie..  Zurich, 

itii  cngint-^  :— GebriJder  Sulzer,  Wintcrthur,  and  Escber  WysB  &  Cie.t 
Ziiricb. 
am  hr)iJcr>  :— Escher  Wyas  and  Cic.»  Zyrich, 

atrit  (LimdtRiin>  :  -Kabelfabrik  CortaiHod  (SwitzcrkindJ  and  O.  Bondy 
^Vienna). 
n?,  miitk  bv  Ihc  t^uinpany  it^tli) 
..    I  c  filf jr*  ; — M  mac  h  in  cnfa  bri  k  O  e  rl j  ko  n . 
ironnen* : — MascHinenfabrik  Oerlikon  and  Brown   Boved   &  Cic»> 
Baden- 
t^liaBchinenfabrik  Ocrlikon  and  Brown  Boveri  &  Cie-»  Baden. 
DBS  lot    lighting  t^The  town  works  of   Zurich,    Slirnemann    & 
Weisaenbach,  Ziinch,  and  several  others. 


V^^Muiikipal  Electric  Supply.  SchaUtiauseu* 
(Elektricitatswerk     der     Stadt     Schaffhausen. 
Built  it*g6~i»«>7.    Opened  Fcbfu:iry,  iSg?. 


iVtstkd  IffCS4iit}\  Septenthff  5th. \ 


DRIVING    POWER. 
^Wjer  power}  rofii  the  Hhiiit,  nouiial   looo  HP.,  r<;scrvc  300  HP.    SU 
knllm  to%in  im  the  id t  b:i n k. 


4.Hh.%   C*r    DiSTHI3UTlCaf. 

w^rHH  PCwsH  PLAjrr 


riJLiiCTRlC    PLANT. 


rr.:.  -.XXI " 

c.    r  V.  - 


uj...^;.        "':e -oUJi:    -u^n?  -cTVl"  •• 

■.-•..:•-   -let.-        i.ic -ro.iiu-irv -nouj^. 

■:  -  .;u     .ijiiLr:;r*'UXiu     aid      lavl- 


...•>«.!  ^M>U11U    -.1      :iC    '.-iWII    .Uia      'll    'lie 
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«L  t       ,  '\«  tV  kl 


l:liensiow  and  output. 

«^..      .\iJi-,    .oiujai  ouo  Hi*..  iiKuumum 
> )^  .      .null  fKA>  tip..  :nuuuiiiui  ooo  HP. 


.It' 
*v..     .i-i'ix.  J  -.1  .^oo  HP  .  i   br 

•:    .:-..u  liK 
.;.  u  :■-  i\\\"..   oiai  44U  K\V.  id 
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Secondary.  OTerhead.  Underground  cables. 

Total  length  of  line  13,000  metres  7,200  metres 

Length  of  wire  39,000      „  i4i40O      „ 

Weight  of  copper  4,800  kilogr. 

ADDITIONAL  NOTES. 

Turbines  with  vertical  shafts  48  revolutions  per  minute.     Geared  to  the 
horizontal  shaft  of  the  generators  through  bevel  cog-wheels  to  170 
revolutions  per  minute. 
Electric  generators  and  exciters : — Oerlikon  inductor  type,  with  stationary 
windings,  horizontal  shafts,  two  bearings,    .\rmature  coils  shaped  on 
formers  and  laid  in  slots. 
Power  abs*irbed  =  300  HP.,  Si>ecd  —  170,  Weight  -  x6,ooo  kg. 
Etticiency  including  excitation  at  full  load  92  per  cent.      Fall  in  voltage 

in  lamps  6  to  8  per  cent. 
Kach  generator  has  an  exciter,  belt-driven  from  the  generator  shaft ;  ex- 
citer   output  suflicient  for  two  generators,  but  usually  generators  are 
excited  each  from  its  own  exciter. 
Hand  regulation  of  voltage. 

There  are  concentric  high-tension  cables  of  60  sq.  mm.  leading    from 
generators,  with  switches,  fuses,  &c. 
Electric  conductors  :--Loss  in  primary  conductors  3  per  cent,  maximum. 
„     „   secondary      „  2     „  „ 

In  the  more  crowded  part  of  the  town  two  wires  ;  and  in  the  suburbs 
three  wires  carried  on  overhead  poles. 
Transformer  stations  : — i  undergiound  station  for  4  transformers  of  20  KW. 

10  Stiitions  in  buildings  each  to  take  2  transformers  of  20  KW. 

1 1  Stali*  ms  in  separate  houses  each  for  2  transformers  of  20  K  W. 

Transformers  in  two  sizes  : 
6  units  of  10  KW. 
19      „      „   20  KW. 
Motors  :— Induction  motors  without  slip  rings  i'5-6  HP. 

Two  high-pressure  motors  of  33  HP.  with  slip  rings  and  starting  resist- 
ances in  armature  circuit. 
740  revolutions  per  minute.    50  cycles,  1,900  volts,  w^ound  as  three-phase 
motors,  and  running  temporarily  as  single-phase  motors  for  driving 
centrifugal  pumps. 

ENGINEERS  AND  CONTRACTORS. 

l^cneral  Supervision  :— Aug.  Habicht,  Engineer,  Schaffhausen. 

Turbine  plant  :— Escher  Wyss  &  Cie.,  Ziirich. 

Electric  generators  :— Maschinenfabrik  Oerlikon. 

Cables  :— Societe  d'exploitation  des  Cables  electriques,  Cortaillod. 

Transformers  :— Maschinenfabrik  Oerlikon. 

Motorb  :—  „  m 

Installations  :— The  company  itself  and  other  firms. 


i£10 
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4.— Rathausen  Central  Station  near  Luzern, 

Elektrizitatswerk    Rathausen,    Aktiengesetlschaft, 
Luzern. 


Built  November^  1W94— 1896.    Opened  July,  1896, 


DRIVING   POWER. 

Water  power  tn  Rathausen  on  the  Reas!>  (15  kili)iTieU*es  below  Ihc  moQtli 

of  the  Kleine  Emme}, 
Steam  power  as  reserve. 

AREA  OF  DISTRIBUTION. 
Power    provided    Un    f.icloritvH  and   suinll    businesses  in    Ltiztrn,    Kitens, 

Einmtnbriicket  Emmcn^  Emmcnwcid,  Inwil^  and  Ho€hdorf»  as  abo  for 

the  tramways  (converter  sUilitjn  svith  accumulators). 
L%hting  in  the  jibo\'e  districts  and  partly  in  Lucerne  {Railway  station,  ctc.)^ 

WATER   POWDER   PLANT. 

Fall  varying  from  4-5  nn-lres. 

In  ^summer  1,500,  in  winter  1,200  HP, 

5  double-bladcd  wheel  reaction  turbines  joo  HP.  each. 

Weir: — 40  metres  broad  (40  cJappem  fi  metres  broad  and  14  metres  high, 

only  used  at  Invv  water). 
Canal  :^32  metres  bruad  and  running  almost  parallei  with  the  Reuss. 
8  sluices  of  4  metres  in  length  and  52  metres  high. 
Canal  i,3oo  metres  long  \  at  enlranceT  32  metres  broad  and  175  metre* 

deep  ;  below,  11  metres  broad  and  3  metres  deep. 
In  front  of  the  grated  dinrr  the  canal  h  broadened  to  39  mctre*i.     The 

divif^ion  between  the  canal  and  the  river  Reuss  is  a  concrete  wall  budt 

on  rock  foundation. 
Fall  1-4  ®jW    Speed  of  water  i  metre  at  a  surface  fall  of  63  %>     In  front 

of  the  sluice  is  an  overfall  30  metres  bro^id^  and  300  metres  above  Ibc 

engine  house  is  an  automatic  overfall  which  opens  if  there  h  any  sudden 

rn^h  of  water. 
The  canal  beyond  the  turbine  house  ia  1,200  metres  long  and  20  mctrt - 

broad  at  the  bottom.    The  wall  is  of  concrete. 
Machine  room ;— Built  on  a  foundation  of  rock  and  bedded  with  concreti 

to  the  level  of  the  machine  room  floor.    5  turbine  chambers-     Buildisif; 

situated  on  the  right  bank  of  thi?  canal,  with  space  for  a  sixth  turbine 

Overhead  crane  of  12  tons  capacity  in  the  turbine  house,  another  of  i; 

tons  for  I  he  steam-engines. 
South  wing  of  the  machine  room  51  6  metres  long,  9-3  metres  broad  ;*nfl 

109  metres  high. 
East  wing  (steam)  24B  metres  long,  14-6  metres  broad  and  12*9  mctn* 

high.    Cubic  contents  of  the  whole  room  8^540  cubic  metres, 

6  HP.  turbine  for  working  the  revolving  sluices.    Workshop  10  the  tout lij 
part  of  the  building. 

Regulation  of  Turbines :— The  inner  wheel  with  balanced  ring  sluice  li 
regulated  by  a  patent  automatic  regulating  device^  whereby  the  workinf 
is  performed  according  to  gcomelrical  progression,  *o  that  the  regular^ 
bpt:td  rtmams  constant  a\  eaclv  vAiialwu  of  load. 
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machine  350  HK  with  valve  regulation.     Co.nl  house  imd  boiler 
bmse  built  i>ti  lo  the  hirbint  honse,  and  constructed  for  5  boiler?  ;  ;»t  Ibe 
present  lime  2  combinccl  multi*tubnlar  boiler!^  are  Installed. 
Chtxtmey  47  metres  bi^b. 


^  ELECTRICAL    PLANT, 

Tw^j-ph^ise  current  I3  wtre?*),    ^^200  volts  per  pha^e.     Power  and  light  cables 
B^  separate,  but  can  be  coimected  in  parallel  if  rcquiretU     Itt  the  same  way 

I^B         Ibe  >(eneralor?  can  wf»ik  in  paraUi'l  or  singly  on  any  chosen  circuit. 
^^?c3ir  **  Eiclibof "  (between  Lu^ern   and  Kriens)  is  a  primary  Iraiisformer 
station  v%itb  reduction  of  3,000  to  1,500  volts. 

Cabte  cr»nnection  with  tbe  tow*n  througb  8  transformers  of  35  kilowatts. 

Generators;  60  revolutions  and  40  cycles,  magnet  wheel  direct-ooupJed  to 

•         an  extension  of  the  turbiiie  shafL 
Armature  stationary. 

One  generator  with  rotatory  field  bolted  direct  to  the  crank- shaft  of  the 
rfeam-cngine    and   constituting   tbe    Hv- wheel      Armature  stationary, 

I         inside. 
f5  HR  exciters  are  fixed  on  to  the  side  of  each  generator  and  driven  by 
c<ig-%vbeel  gearing  from  tbe  turbine  shaft  at  45<5  revolutions  per  minute  ; 
70  volts. 
Ttie  5team-dynamo  exciter  is  keyed  on  to  ihe  end  of  the  crank-nhaft  and 
has  an  output  of  15  HP,  at  120  revolutions  ;  70  volts. 
The  cftkiency  of  the  generators  at  full  ii^ad  is  about  go%  and  at  half  load 
about  %7%. 
Switcbboard  **f  1 1  j  metres  breadth  and  48  metres  hei|jht, 
^^      Each  conductor  can  be  tested  to  earth  when  tbe  circuit  is  closed. 
^B     In  Ihe  space  between  the  turbine-chambers  and  the  macbine-room  are 
^^r        separate  passages  for  Ihe  conductors  which  lead  irom  the  generators  to 

tbe  i witch b<jard. 
'       Primary    conductors  in  the  open  air  are  fixed  on  brown  "three    bell** 
^H         insulators  on  the  system  Sihlwerk  of  W3densweiJ. 
^r      Length  of  the  p>\e»  10- 1 8  me  I  res,  average  distance  apart  38-40  metres. 
Embedded  in  concrete  sockets  when  the  ground  is  unfavonrablc. 

I     The  primary  lines  cross  the  state  wires  \Lt\  telephone  and  telegraph)  19 
timea. 
The  secondary  line<i  crosi*  the  state  wires  Itelepbone  and  telegraph)  J  I* 
litnes. 
There  are  14  crossings  over  the  railways  ;  and  B  below  railways  :  in  two 
dkscs  the  wires  are  led  down  an  iron  framed  tower,  under  the  railway 
and  up  again  on  a  similar  tower  placed  on  the  opposite  side  of  tbe 
ra  il  w  a V .     Cond  udors  are  moui  j  ted  •  ni  btrl  I  sh  aped  in  su  lat^  ir  y . 
Forketl  lightning  arresters  Ixhhid  (he  jiwitcbboanl  .md  at  all  end  stations 
Secondary  voltage  for  power  2  ^2^0  viill^.  for  lighting  U5  volts  imotorw 
of  50  HP*  upwards  work  on  tbe  high  pres&ure  circuit}. 


I 


EXTENSION    AND   OUTPUT. 


ater  powtr: — Minimum  1,200  HP., normal  1,500  HP.,  maximum 
Water  plant ;— Built  lo  develop  1.800  HF. 
Building  :  — I-,iid  oul  for  2.500  HP. 
Eftcted :— 5  turbines  at  joo  HP,  and  1  ^tcam  engine  at  J50  HP. 


,8oQ  HP. 
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Electric  generators  :— 5  at  300  HP.  and  i  at  350  H P.  =  total  of  1,850  HP. 
Transformers  :— 118  from  3-25  kilowatts,  total  199  kilowatts  in  29  stations. 
In  stations  of  more  than  5  kilowatts  capacity  2  or  more  tranformers  are 
installed. 
Power :— 8  motors  with  total  of  710  HP.  (high  pressure). 
85        „  „  „  924    ,,    (low  pressure). 

Altogether  93  motors  from  J-200  HP.  with  total  of  1634  nominal  HP. 
Lighting :— Expressed  in  16  CP.  :~3,400  incandescent  lamps  ;  and  138  arc 

lamps  besides. 
Area  of  supply  about  70  square  kilometres  and  about  56  square  kilometres 

for  secondar\'  circuit. 
Primary  conductors : —  Overhead  conductors.    Underground  cables. 


Length  of  line  (3-15  wires) 

308  km. 

29  km. 

Length  of  conductor 

I7II          M 

8-7    „ 

Greatest  distance 

12*2      „ 

«7    „ 

.    Weight  of  cx)pper 

46  tons 

Secondary  conductors  :— 

Length  of  line 

15    km. 

o*8  km. 

Length  of  conductor 

537    M 

1-8    „ 

Weight  of  copper 

ir  tons 

ENGINEERS  AND   CONTRACTORS. 

General  supervision  : — Engineer  R.  Isaak,  Luzern. 

Mechanical  and  electrical  plant : — Installed  under  the  direction  of  P.  Lauber, 

Engineer,  Luzern. 
Weir  and  entrance  channel  :— Fietz  &  Leuthold,  Ziirich. 
Canal  :— G.  Toneatti,  Kriens. 
Turbine  house  :— Fietz  &  Leuthold,  Zurich. 
Steam  engine  house  : — Architect  H.  Siegwart,  Luzern. 
Turbine  plant,  cranes,  transmission,  etc.  : — Th.  Bell  &  Cie.,  Aktiengesell- 

schaft,  Kriens. 
Steam  engines  :— Gebruder  Sulzer,  Winterthur. 
Steam  boilers  : — Th.  Bell  &  Cie.,  Aktiengesellschaft,  Kriens. 
Transmission  lines  : — The  Company  itself. 
Cables  : — Feltens  &  Guilleaume,  also  Siemens  &  Halske. 
Electric  generators  :— Brown  Boveri  &  Cie.,  Baden. 
Transformers  : — Elektrizitatsgesellschaft      Alioth,     Munchenstein    and 

Brown  Boveri  &  Cie.,  Baden. 
Motors  : — These  two  firms. 
InstallatiouN  : — The  Company  itself. 


5. — The  Central  Station  on  the  Kander. 

'Headquarters  in  Thun. 

Owner  :  "  Motor,"  Aktiengcscllschaft  fiir  angewandte  Elektrizit&t  in  Baden. 

Built  1897-1899.    Opened  in  June,  1899. 


{Visited  SiiiiircitiVy  Scpicmhcr  gih.) 


DRIVING   POWER. 

«ter  power  from  the  river  Kander,  generating  station  near  Spiez  oil  flw 
*ake  of  Thun. 
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AREA  OF  DISTRIBUTION. 

Power  Mnd  light  s^uppfjed  to  the  Irnvns  of  Hem  .iftcl  Burgdorf  Ami  to  ihc 
dtstntt*  ril  Miinsmgenand  Spie/:, 
Railway  between  Burgdon'  and  Thiin  {full  norm;jl  jjaugej- 


WATER   POWER  PLANT. 

Tlie  water  of  the  whole  ICiinder  at  Spicjswylcr. 

W*M  to  I  he  liike  6q  metres. 

DMSa,  hci}thi  vahabic  acxording  to  volume  of  water, 

Slmce^  with  arnmgement  for  preventing  ohstmctive  materia]  pa^ini;. 

Open  canal ; — 67^  metres  long. 

TuQQel :— >*57  metres  long  and  about  4  metres  sectional  area. 

Sheet  mci^  pipe : — 98S  metres  long  to  a  reservoir  pipe  with  diain.  =  i^Soo 

itiillimistre* :    from   re$cT%'oir  to   lurbine  house  ure   two  pipes    1*600 

millimetres  diam* 
Tiirbine  houte  dose  to  the  lake  edge. 
Tuf^nem  with  horizontal  shafts  and  shell-shaped  shovels,  with  automatic 

speed  and  pressure  regulators  (automatic  110  load)  and  artificial  auto* 

mTtiic  air  passage*. 


ELECTRIC   PLANT. 

System  !—j -phase  altcniat lag* current  generated  at  4,000  volts.    Separate  for 

rei£utar  and  irregular  u<ic. 
Dtt4rihiitU>j>  in  the  immediate  neighbourhood  (to  about  lo  kilometres)  with 

this  voltage. 
Slrp~up  transfonncr  house  lo  t6,ooo  volts, 
Secondary  circuits  different,  rs  Follow  *i  ^ — 

In  Bern :— Three-phase  eurrcnt  and  {omUling  t  phase)  single-phase  currcnl, 

tnuisformed  to  5,000  %'olts  and  di^^tribuled  into  the  mains  where  it  is 

getierally  tninsformed  down  to  2  x  120  volts  ((hree-wire  s^ystem)  in  small 

tiiifvs  tat  tons. 
In  *<jmc  cases  Ihree-phasc  motors  at  3,000  volts  convert  Ihc  ajrrent  to 

t: i id tinijous -current  at  600  volb. 
In  Burgdorf:— Current  transformed  frum  16,000  to  500  voUs»  and  at  one    • 

tonverlcr   !jtation  {three-pha*ie   motors   coupled   to  conlmiious-currcnl 

<lynamf>f«)  for  service  in  the  town.     Elsewhere  motors  are  driven  from 

the  threc-pha^c  current* 
In  Munsingen : — Current  transformed  from  16,000  to  4^000  %'oits.    Trans- 
mi  <i*i^*n  through  overhead  %vires  and  again  transformed  down  for  the 

intandcftccnt  lamps. 
For  the  railway  Burgdorf-Thun  t— Current  h  transformed  from  16^000 

tM  750  volts.  p.irl  is  iigain  recUicetl  U»  Uo  volts  for  lighting.     (See  Burg- 

d<irf  ThunRohvay,  p,  124.) 
Generator*  of  qoo  HP.  at  30a  revolutions   per  minute  direct*couplcd    by 

rtcxible  coupliuijs  to  the  inrbiness^  4,000  volls,  40  cycles. 
Roofofv  neld*  statior^ary  armature  with  stamped  holes. 
Enc  iters  dt  reel -coupled  and  fastened  io  general*  ir-^. 
Exciialion  of  f\eldi  h  m  each  ca^  provident  with  current  from  1  dynamt* 

lb \ vcn  h y  a  ^v\%M ate  1 1 u b inc.  ^ 

Svrtieh  arrangcrotnts:— Bu^  bar^  can  be  disconnected  in  different  parts  f«^ 

scpciniting  the  regular  and  irregular  load.    Generators  can  be  switch 
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in  a«  required.     Svi-itchN\ird  can  be  divided  into  two  halves  to  allow 

oi  repair-j  when  circuit  i^  ckr^ed. 
Transformers  in  -eparate  buildings  tV»r  tran-if* 'rmin^  4.000  v*At>  up  to  16,000 

volts. 
Reserve  Iran-f- trmer  !••  be  switchol  in  to  any  pha-^e. 
All  tin^'le-pha^e  tran-fi»rmer^  in  oil  ^ith  water  O)o!in^.     E;ich  300  K\V. 

with  2  vertical  core>  in  clo'^  ca>t-iron  cases. 
Conductors  :  — From  the  powcr-^uti*  #n  all  oi-ndnctors  are  overhead  and  bare. 

m'junted  on  p<  rcelain  bcll— haped  insulators  :  as  far  as  the  river  Aar 

near  Thun  all  ci  induct* >rs  are  carried  on  in^n  towers,  which  are  fitted 

uith  rak  block-i.  '-n  i'>  which  the  insulat^^rs  are  fixed.     From  this  point 

on  hr-tre'w  poIe<. 
Di -lance  V*   liur jid- ■:  r'  .iml  :••  the  turthe'-t   point  in  Bern  about  47  kilo- 
metre^. 
To  Hur^jdort  and  f«'r  iIk  raiiuay  arc  j;  wire>  :  t»»  Item.  3  l»»r  motors  and  2 

lor  lighlin;:. 
I.i;^htn:ng  arre  •ler>   «i    the  Iiornol   l>|x  oMinevted  to  water  rcNisiaiice^ 

at  the  end>  or  the  line*. 
Transformers  for  i«S.ooo  voll>  in  Ikrii.  Kurjjdofi.  and  MunHnj;;en  5»)  K\V. 

capacity. 
Single-phase  with  2  vertical  cores  laid  in  ribbed  cases  filled  with   oil, 

without  further  cooling.     ( Further  details  given  under  Burgdorf-Thun- 

Railway,  p.  224.) 


EXTENSION   AND  DETAILS. 

Water  power :— Minimum  2.500  HP.  :  normal  4.500  HF. 

Maximum  5400  HP. 
Water  course,  &c. : — Provided  for  an  aggregate  of  6  machines  =  5400  HP. 
Turbines  1—4  at  900  HP.    Total  3600  HP. 
Electric  generators  1—4  generators  of  900  HP. 
Exciters  : — 2,  one  being  a  reserve. 
Transformers  :— 

Primary  4,000  16,000  volts  :— 8  single-phase  of  300  K\V.  =  2400  KW. 
Secondary  15,000  3.000,  4,000  and  5,000  volts, 
in  Bern     ^      16  of  50  KW.  =  800  K \V. 
in  Burgdorf      7  of  50  KW.  =  350  KW. 
in  .MiJnsingen  3  of  50  KW.=  150  KW. 
FVimary  4,000/120  volts  in  Spiez 

2  of  20  KW.  »      .     ,,,,. 
2  (»t  10  KW  .  j 
Burgdorf-Thun- Railway  :— 

Priman.'  18.000750  volts,  14  of  150  KW.  =  2,100  kilowatt 
Conductors  :—  Overhead  in  the  open. 

Primnrx  :  Tr»t.il  Icnjjth  of  line  lOO    km. 

Length  oi  wne  564 

Gicatcst  distance  47J    „ 

Weight  of  copper  100  tons. 

ENGINEERS  AND   CONTRACTORS. 

Supervision  : — Officials  of  the  company. 
Water  course  : — Locher  &  Cie..  Zurich. 
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Turbine  plant  : — Escher  Wyss  &  Cic,  Zurich. 
Electric  conductors  :— Brown  Boveri  &  Cie.,  Baden. 
Electric  generators  :—      „  „        ,.     „  ., 

Transfonners  : —  „  „        „    „  ,. 

Motors  :—  ..  ,.        ,,    „  „ 


C.-ELECTRIC  TRAMWAYS  AND  RAILWAYS. 


I. — The  Zurich  City  Tramways 

(Owned  by  the  Municipality  of  Ziirich). 


{Visited  Monday^  September  4th.) 


10  kilometres  horse-car  lines. 

n  kilometres  electric  street  car  lines.  Total  length  of  electric  tramway 
lines,  18  kilometre*. 

The  first  portion  built  of  the  electric  lines  was  a  private  undertaking  in  1893. 
Extensions  by  the  Municipality  1898-99.  Conversion  of  the  horse-tram- 
ways into  electric  tramways  now  in  progress. 

DRIVING  POW^ER. 

I  P'iT  electric  tramways  east  of  the  Limmat. 
ti.  Steam  engine  plant  at  station  "  Burgwies,"  Ziirich  V. 
/'.  Gas  engine  plant  at  station  "  Fluntern,"  Zurich  IV. 
-  For  electric  tramways  west  of  the  Limmat. 

t.  Converter  station  "  Selnau,"  Ziirich  I,  with  motor-generator  sets 
driven  from  the  city  central  station  (see  "The  Central  Station,  Zurich," 
P-  205). 

ROUTE. 

Electric  Trams :— Burgwies-Kreutzplatz-Bellevue-Paradeplatz. 

Bahnhof  Enge-Bellevue-Romerhof-Kreutzplatz-Hauptbahnhof. 

Hauptbahnhof-Sihlbriicke-Heuried. 
Horse   Trams  :— Tiefenbrunncn-Bellevue-Hclmhaus-Hauptbahnhof-Parade- 
platz-Enge. 

Helmhaus-Paradeplatz-Sihlbriicke-Aussersihl. 

ELECTRIC    SYSTEM. 

Continuous  current,  550  volts,  overhead  trolley  with  return  through  rails. 

DETAILS. 
Power  Stations:— ( I)  Burgwies  :    2  steam  engines  of  90  HP.  and  of  vertical 
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type,  belted  to  two  compound-wound  generators  with  accumulators  con- 
nected in  parallel  to  act  as  buffer  battery. 

The  accumulator  battery  consists  of  300  Tudor  cells  in  series,  for  277 
ampere-hours  capacity  and  81  amperes  maximum  discharging  current. 

Automatic  cut-out.     Booster  for  charging  cells. 

This  plant  was  the  first  ever  installed  with  an  accumulator  buffer  batter>' 
for  electric  tramways. 

The  power  station  is  at  present  being  enlarged,  and  a  Sulzer  compound 
tandem  steam-engine  of  250  HP.  at  90  revolutions  per  minute  is  being 
installed.  This  engine  is  directly  connected  to  an  Oerlikon  compound- 
wound  generator. 

New  boosters  and  boiler  are  also  being  installed. 

(2)  Fluntern  : — This  power  station  is  owned  privately. 

Dawson  gas-plant,  one  gas-motor  of  120  HP.,  and  three  gas-motors 
each  of  60  HP.  belted  to  compound  continuous-current  generators  of 
corresponding  size. 
Buffer  battery  of  515  ampere-hours  capacity. 

(3)  Selnau  : — 3  three-phase  motors  of  300  HP.  (2,000  volts  working  pres- 
sure) directly  connected  to  3  continuous-current  generators  of  corres- 
ponding size.     No  accumulator  battery. 

Tramway :— Gauge  one  metre.      Minimum  radius  of  curves,    15    metres. 

Maximal  inclines,  65°/oo,  80  metres  long  ;  50*^/00,  258  meters  long. 
Rails :— Longest  rails  12  metres.     Phoenix  rails,  profile  7b,  were  adopted 

for  the  old  electric  lines.    These  rails  are  gradually  being  taken  out  and 

replaced  by  Phcenix  rails  of  profile  i8c,  which  are  used  extensively  for 

the  new  lines  and  re-laying  the  horse-tramways. 
Bedding  of  quarry  stones,  50  centimetres  by  25  centimetres,  placed  under 

length  of  rails. 
Weight  per  metre  of  rail  (Phcenix  i8c)        494  kilogrammes. 

„  „        tramway        „  112-4  .» 

Switches  and  crossings  made  out  of  rails. 
Electric  Conductors : — The  old  lines  have  been  entirely  reconstructed  on 

the  same  principles  as  the  new. 
Underground   lead-covered  feeding  cables,  system    Berthoud-Borel,  in 

burned  clay  channels. 
Contact  trolley  wires  everywhere  doubled,  2  hard  copper  wires  of  8 

millimetres  diameter,  6  metres  minimum  distance  above  rails. 
Wires  supported  by  Mannesmann  steel  tube  masts  and  hooks  in  the  walls 

of  the  houses.     Standard  distance  between  points  of  suspension,  35 

metres. 
Trolley  wire  system  split  up  in  sections,  each  about  1,000  metres  long  in 

centre  of  town,  and  about  1,800  metres  in  suburban  parts. 
Each  section  is  separately  fed,  and  the  corresponding  section  of  rails  has 

separate  return  cables.    Trolley-wire  sections  can  be  connected  at  will 

through  section  switches. 
Electric  rail  bonds,  type  '*  Bryan  "  and  *'  Edison-Brown,"  both  applied 

with  Edison  alloys. 
Rolling  Stock :— Cars :  45  tram-cars,  each  with  2  axles  and  2  motors  with 

single  gear  reduction.     Series-parallel  speed  regulation. 
50  new  tram-cars  now  being  built  with  Peckham  trucks,  2  axles,  entirely 

enclosed  platforms  and  equipment  as  above. 
Car  equipment :— Motors  of  type  Oerlikon,  Walker,  and  G,E.  60,  with 

corresponding  controllers. 
For  the  new  cars  a  standard  equipment  of  2  G.E.  60  motors,  2  Sl-Watter 
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LMiitroikr^  nnd  3  Unidii  resislances  h;is  been  selected.     Each  car  ii>  fitted 

with  1  automatic  ci»t-*iuts,  copper  fuse,  lightiunj*  arrester,  choke  coil, 

NuttaW  trollej*  base,  etc. 
Car  slieds : — At  Burgwies,  Heurietl,  Seefeld  and  Ausseri>ihl. 
Running:— Ai  3  minutes  mlervals.  and  with   miiximum  speed  of  t2  kilo- 

metres  per  hour;  and  at  6  minutes  interval!^  and  iH-kdometre  speed  tn 

the  suburban  portjou  of  the  route ► 
Repairs :— All  repairs  made  in  own  repair  shop*-. 

ENGINEERS  AND  CONTRACTORS. 

Gcn^^l  supervision  t— P.   Schenker,   M,E.,  with  the  assistance  of  J,  S. 

Edstrbm,  E.E, 
Cofitimcton  far  beddmg  ^— Th,  Bertschinger  of  Leniburg. 

^  ..    rails  :— The  Phcenix  Company  of  Laar  near  Ruhrort. 

„  „    trolley  wire  system  : — Maschinenfabrik  OerHkon. 

„    rolling    stock :— Schweizerische    InduMriegeseUschaft    of 
Neuhausen,  and  Gclssberger  St  Co.,  Zurich. 
Tr-im-car  motors  {sec  above)  and  car  equipment ;   electric   rail  bonds,  etc. 
hv  own  ftaff. 


I 


2,— Electric  Tramway  :  Zurich^Oerlikon-Seebaclh 


Limited  company,  Zurich  IV, 
Built  t$kJ7,  and  opened  on  22nd  October^  1807. 


{Vifikd  Mond*t}\  September  4th.) 


I 


DRIVING    POWER, 

'jji  ly  pfixloced,  in  a  building  adjoining  the  generating  station,  by  a  Dawson 

gxs  plant* 
1*ltt  line  starts  from  Bahnhof-Bilicke  in   Zurich^  a»d  rtms  to  the  rail^'ay 

creissitig  at  Oerlikon,  at  the  other  ^ide  nf  which  is  a  connect  ion  to  Scet%ich. 


ELECTRIC    SYSTEM, 

iy>f)timKriis  current  at  550  volts, 

0\^rhead  wire  and  trolley,  return  through  the  raits. 

EXTENSION    AND    DETAILS. 

Centr^  Station: --3  ga^  generators  of  100  Hf\,  and   1  at  200  HP.    Three 

*ricam  bi»ik'ni,  capacity  200  HP,     Anlhracite  coal. 
G»L*^  motor*  !—;i  ht>n/,nnlai  single-cylinder  gasHWitors  of  125  HP.  at  THfj 

rcrvnltilirinfi  per  minute, 
t)vnamos  ! — 3   compound  -  wound   con t i unou**  -  current    dmimos    tiirect- 

ooupled  lo  Ihc  gas  engines*  I  Ho  reviPJutions  per  mnu,  550  volts,  and  4 

|vikH.     Am^atwrcH   drum-wound,   copper    commutators    with    cartjon 

brushes. 
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Accuinulnlor  battery  connected  in  parallel  with  the  dynamos,  being  alter* 
nately  charged  and  discharged  by  the  I  rams.  2  Bo  Tudnr  cells  in  series, 
havrng  capacity  of  370  ampere  hours*.     Cells  automatically  cut  out. 

Reserve  dynamo  (converter  550/150  vohs)  for  charging  battery, 
Tram  lines  i-^Tnlal  distance  5,500  melre^. 

I^englh  of  liMmwiiy  8,oo<>  metres. 

Gaugu  between  railn  i  metre. 

Minimmn  curve  radius      25  metres. 

Rise  :-— Maximum,  64  '*.' ^  ;  average,  1 1  3  "^lai^ 
Rails:— In  the  town  of  Zurich  :— Pho-Mnx  rail!^,  profile  14b. 

Weight  for  raihvay  per  metre  tp  kilogrammes,  and  for  rail  per  metre  4^ '5 
kilogrammes.     Rails  laid  on  stoite  hedcting  25  centimetres  deep. 

Outside  the  town  (from   17   kilometre  on)   proide  5,  rails  vvetghiug  55 
kilogrammes  per  metre  laid  on  iron  sleepers^  8  to  10  metres  of  raiL 
Tbe  Electric  Conductors  r— Distance  divided  : — 

I.  Ziirich  Centnd  station, direct-connected  and  with  feeders  250  millituctrcs 
below  surface.  2,400  metres  long, 

2>  Generating  station  Scebach,  direct- connected  with  tram-lines* 

Thomson's  lightning  arresters  at  station  and  at  the  end  of  feeding  cable. 

Contact  wire  : — Double  contact  wire  8  millimetres  diameter  fixed  on  wine 
stretched  at  right  angles. 

Minimum  height  above  rails  is  6  metres. 

Iron  masts  {cutside  the  town  sometimes  wood), 
Rolling  Stock  r— 20  tram-cars,  with  two  axles,  20  seats  inside  and  with  two 
platforms  for  8  persons,  8  brakes  on  car* 

Electiical  equipment  t— 2  motors  of  18  HP.  at  450  revolutions* 

Gear- re  duct  ion  1  i  4*5*  Voltage  550*  Regulation  by  series-paraHed  switch 
with  7  contact  points  for  forward  and  backward  motion.  On  these  con- 
trollers are  contacts  for  an  emergency  brake.  The  Resistance  H  of 
sheet- iron  ribbon* 

2  safety  fuses  and  lightning  protector. 
Running:— Trams  run  from  5  21. ni^  till    11  p.m*j  w*ith  6  minutes  mtervnl^ 
between  cars. 

Speed,  maximum  25  kilometres  per  hour. 

10  ciirs  running  on  w*eek-days  ;  18  to  20  on  Sundays. 
Results  of  traffic  : — ^Each  tram-car  travels  1,610  kilometres  per  day. 

Passengers  pL-r  car-kilometre,  32. 

Income  per  car-kilometre  43  centimes. 

Cost  per  kilometre  is  54-4  centimes. 

Coal  consumed  per  eff.  HP,  hour  of  the  gas-motors  0-65  kjlograminc 
(Anthracite  coal)* 


ENGINEERS  AND  CONTRACTORS* 


General  supervibion  :— Maschlnenfabrik  Qcrlikon  1 
Buildings  t^Ingemeur  J .  H*  Kuhn  in  ZiirichH 
Road  I — Th.  Benschinger  of  Lenjcburg. 
Rails  : — Phcenix  Company  in  Laar  near  Ruhrort, 
Machine  equipment,  Power  station  : — 

Dow  son-gas  plant  : — GaamotorfabHk  Deutz. 

G.in  inuhincs  ., 


ir  tht  whnlc  plant. 


A' 


hinery  : — Maschinenfabrik  Oerlikon. 
:— Accumuiatorenfabrik  OerHkon* 
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Rolling  stock : — 

Tram-cars  : — Schweiz.  Industriegesellschaft  Neuhausen. 
Electric  motors,  fittings,  etc.    Maschinenfabrik  Oerlikon. 
Overhead  contact  lines,  etc.  „  „ 

Repairing  shops  „  „ 


3. — Electric  Tramway  io  the  Industriequartier  Zurich. 


Limited  Company  in  Ziirich  III. 
Built  1897-1898.    Opened  April,  i8(>8. 


Driving  Power : — Current  from  the  Zurich  central  station. 
Route : — Bahnhofplatz  Zurich  to  Limmatbrucke  near  Wipkingen. 

ELECTRIC  SYSTEM. 

Omtinuous  current,  550  volts,  overhead  trolley-wire,  return  through  rails. 

EXTENSIONS  AND  DETAILS. 

Power  Station : — Continuous-current  machine  from  the  central  station  in 

Letten.    No  accumulators. 
Route  :--2,ioo  meters  long. 
Gauge  between  rails,  i  metre. 
Minimum  radius  of  curve,  18  metres. 
Maximum  rise,  50^/00. 
Rails  single  track  with  5  sidings. 

Phcenix  rails,  profile  14b,  weight  per  metre  42  kilogrammes. 
Weight  of  tramway  per  metre  94*6  kilogrammes. 
Electric  Conductors : — Contact  wire  8  mm  diameter,  everywhere  double. 

Mannesmann  iron  masts. 
Rolling  Stock :— 9  tram-cars  with  2  axles  and  2  motors  of  18  HP.     Regu- 
lation by  series-parallel  switches. 
Running  at  intervals  of  6  minutes. 

BUILDERS. 

U'hole  electrical  equipment : — Maschinenfabrik  Oerlikon. 
Cars  (alone,   without  electrical  eouipment)  : — Waggonfabrik   Neuhausen 

(Switzerland). 


4. — Electric  Tramway  Luzero. 

(Owners  :  Politische  Gemeinde  Luzem.) 


In  course  of  construction. 


DRIVING  POWER. 

Two-phase  electric  motors  at  2,300   volts    in    the  converter  statiott    of 
Stegbof,  current  supplied  from  the  central  station  of  Rathausen. 
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ROUTE. 

Maihof-HalTiihof-rntcrtinind  and  Haldenstrasse-Hahnhof-Kricns. 

ELECTRIC   SYSTEM. 

Continuous-current  575  volts,  overhead    contact   wires  and   trolley,   return 
through  rails. 

EXTENSION  AND   DETAILS. 

Power  Station  (converter  station)  :— Separate  building,  containing?  :— 

2  motor-generator  groups,  consisting  of  2-phase  motors  2,300  volts  150 
HI*,  and  continuous-cuirent  shunt-wound  generators  90  K\V.  575  volts, 
470  revolutions. 

1  Accumulator-battery  270  Tudor  cells  of  ii)8  ampere-hours  capacity, 
connected  in  parallel  with  continuous-cuirent  dynamos,  as  buffer 
battery. 

Route  : — Maihof-Bahnhof-Untergrund  :- --2,500  metres, 
Haldenstrasse-Bahnhof-Kriens  :— 4,700  metres. 
Total  length  of  tramway  : — 1;,700  metres. 
Rise  maximum  45  %^„  average  6  ^/„,. 
Gauge  1  metre.     Minimum  radius  of  curve  25  metres. 
Tram  lines : — Single  track  with  sidings. 
Phcenix  rails  profile  25  with  cross  bars. 
Straight  joints. 
Weight  per  metre  of  rails  485  kilogrammes  ;  and  per  metre  of  tramway 

1 14  kilogramme>. 
Bedding  of  stone  30  centimetres  deep. 
Electric  Conductors :— Double-contact  wires  8  millimetres  in  diameter  of 
copper.     Height  6  metres  above  ground.    Mannesmann  masts. 
6  subdivisions,  each  separable.     Feed  and  return  conductors  underground. 

2  feeders  of  250  square  millimetres  to  the  Bahnhof. 

I  return  cable  of  250  square  millimetres  to  the  Bahnhof. 

1  feeder  of  200  square  millimetres  to  raihvay  station  GQtsch. 

2  feeders  to  Birsigstrasse. 

Rolling  Stock:— 20  tram-cars,  with  2  axles,  16  seats  inside,  room  for  14 
standing  on  the  platforms.  8  brakes. 
Electrical  equipment :— 2  motors  with  gears  of  25  HP.,  series  wound  500 
volts,  400  revolutions,  gear  ratio  1  :4*5.  regulation  by  series-parallel 
switch  with  8  points,  2  automatic  cut-outs.  Trolleys  with  side  move- 
ment. 
Tram-cars  electrically  heated. 

Car  house  in  the  Birsigstrasse,  adjoining  the  converter  station,  holds  30  cars ; 
repairing  shops,  offices,  A:c.,  in  the  same  building. 

Running  at  intcrvaN  of  7 J  minute>. 

ENGINEERS    AND    CONTRACTORS. 

Contractors  and  authors  of  the  scheme  : — Maschinenfabrik  Oerlikon. 

Buildings  :— Architect  Professor  Schneider,  Luzem. 

Tramway  i^Rails  by  the  Aktiengesellschaft  Phonix  in  Laar  near  Ruhrort« 
Laid  down  by  the  N.  Bosshardt,  Ziirich. 

Converter  station  :—  ; 

Electric  machinery  : — Maschinenfabrik  Oerlikon.  j| 

Accumulator  batteries  :— Accumulatorenfabrik  Oeriikon.  j 
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Rolling  stock:— 

Cars : — Schweix.  Industriegesellschaft  Neuhausen. 

Electric  equipment : — Maschinenfabrik  Oerlikon. 
Ox-erhead  conductors :—  „  „ 

Cables :— Kabelfabrik  Cortaillod. 
Repairing  >hops  :-  Maschinenfabrik  Oerlikon. 


5. — The  Stansstad-Eogelberg  Electric  Railway. 

Elektrische    Bahn    Stansstad-Engelberg,    Aktiengesell- 
schaft  in  Stans. 

Built  1 897-1 8t>8.    Opened  in  September,  181)8. 


{Visitcif  T/nii-sdtiy,  Sfpteintt^r-ih.) 


DRIVING    POWER. 

Water  Power:— Spring  with  reservoir,  415  metres  alnwe  the  power  station 
Ohcrmatt. 

ROUTE. 

SLmsstad-Stans-Engelberg,  a  part  of  which  from  Obermatt  to  Ghcrst  is  laid 
with  rack,  the  rest  with  adhesion  rails. 

ELECTRIC   SYSTEM. 

Three-phase  alternating  cnirrent  at  750  volts  from  generators  direct  on  to  the 
trolley  wire.  For  the  other  end  current  raised  to  5,000  volts  by  two  step- 
up  transformers  and  transmitted  on  overhead  conductors  to  2  transformer 
stations  in  Dallenwyl  and  Stans  and  there  transformed  back  to  750  volts. 

In  addition  there  are  special  feeders  taken  from  the  generator  station  and 
transformer  station. 

Two  overhead  contact  wires,  the  third  being  the  rails ;  current  collected  by  two 
bows. 

EXTENSION    AND    DETAILS. 

Power  Station: — 3  generators  of  180  HP.  coupled  direct  to  high-pressure 
turbines,  with  a  reser\'e. 

2  separate  exciters  of  12  HP.  direct-coupled  to  high-pressure  turbines,  one 
reser\-e. 

Generators  with  revolving  armatures,  holes  stamped. 

3  single  transformers  at  30  kilowatts  750/5,300  volts. 
Liquid  resistance  used  to  take  loads  during  descent  of  cars. 

1~    2  secondary  transformer  stations  having  3  single-phase  transformers  of  30 
kilowatts  at  Dallenwyl  and  Stans. 
Route:— Total  length  22,500  metres. 
Gauge  I  metre. 

Rise  :— Maximum  on  the  adhesion  track    50^/00. 
Maximum  „    „    rack  line  250  ^'/oo. 

ttim  Lines:— S>'stem  Vignole-Adhesion  rails,  rack  system  Riggenbach. 
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The  Electric  Conductors  : — Circuit  breaktrrs  in  the  trolley  line. 

Wooden  masts  used  throughout,  telephone  wires  on  the  same  masts. 
Rolling  Stock: — 7  cars  each  with  3  asynchronous  motors  of  35  HP.  (total 

490  HP.)  and  with  single-gear  reduction. 
Speed  regulated  by  resistance  inserted  in  the  rotor  circniit,  by  means  df 

slip-rings  and  brushes. 
Electric  heating  "and  lighting  by  special  transformer  in  car. 
3  electric  locomotives  with  motors  of  150  HP.  (total  450  HP.)  regulation  as 

in  the  above  case. 
Wagons  for  carrying  goods. 
Each  locomotive  is  fitted  with  several  mechanical  hand  and  automatic 

brakes. 

ENGINEERS   AND    CONTRACTORS. 

Supervision  :=:Locher  &  Cie.,  Zurich,  and  Brown  Boveri  &  Cie.,  Baden. 
Canal : — Locher  &  Cie.,  Zurich. 
Buildings :—         „         ,.     ., 

Turbine  plant :— Th.  Bell  &  Cie.,  Aktiengesellschaft,  Kriens. 
The  electric  plant : — Brown  Boveri  &  Cie.,  Baden. 
Electric  generators : —    ..  ,.        .,     „ 

Transformers  : —  „  ,.        .,    „  ., 

Motors  and  other  electrical  equipment  also  rolling  stock  : — Brown  Boveri 
A  Cie.,  Baden. 


6. — The  Jungfrau  Railway. 
Jungfraubahn,  Aktiengesellschaft  in  Zurich. 

In  construction  since  1897.     A  part  opened  in  the  summer  1898. 


( Visited  Friday,  September  8th.) 


DRIVING  POWER. 

Water  power  from  the  White  Lutschinc  near  Lauterbrunnen. 

ROUTE. 

Wengernalp-Jungfrau.  At  present  trains  run  from  Wengemalp  to  Eigerwaiid 
(3  kilometres). 

ELECTRIC  SYSTEM. 

Three-phase  current  with  7,000  volts  transmitted  from  generators  by  over- 
head wires. 

Transformed  to  120  volts  for  the  lighting  of  Lauterhrunnen  and  Wengen,  for 
boring,  and  at  stations. 

Transformed  to  500  volts  for  locomotives  and  building  purposes. 

2  overhead  contact  wires,  third  through  rails.  ; 

^^vnfictkm  made  by  2  trolleys,  and  slide  contact-maker.  J 
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EXTENSION    AND   DETAILS. 

Power  Staltaa  ^^Fall  408  nit-tres,  dam,  silukus  and  grated  tlfnu^,  iron  pipe 

1,630  -f  700  TTiL'trt^s  tonif. 
MacbJnc  house  for  4  turbiiicsof  vvhicli  3  arc  nf  500  and  1  of  800  H  P.,  SYsitt-ni 
'*Gionl  *' nith  horijfoiiUl  shafts  ;iikJ   h.mn|»  hvo  wbrds  iit  5M0  re  volu- 
tions. 
3  fur  bines  of  25  HP.  at  6tio  revolutions  for  csdlalion  ;  all  Uirbint>  .luto* 
itniticylly  regulated. 
Electric  Generators:— 2  iinils  of  jua  HP.  attd  i  of  »oo  HP.  coupled  direct 
(md  in^ubUd)  to  lurbini's. 
31*0  rcvrilulions  per  minute,  38  cycles,  7,000  volts,  ttirce-phasc  current. 
Inductor  type  |st;itionary  windings),  high  pressure,  prep,ired  and  formed 
and  then  laid  in  pilots. 
Emcitem  1—2  of  35  HP,,  ^hun£  wound,  direct -coup  led  to  separate  turbines. 
Switching:  arrangements  fcjr  parallel  running  and  voltage  regulation  by 
cTcdter  voltage,  for  ihree-pha&e  or  single-phase  current  (the  tatter  case 
fur  lighting  with  one-phase). 
PriJiiary  Conductors  :— Througdonl  hare  wtre  overhead,  on  three*fold  porce- 
t*un  beli  insulators  mounted  on  ma-sts  of  wood,  with  a  maximum  of  to% 
losi.     Power  and  light  separate. 
Tticre  is  a  line  length  of  10  kilometres  for  the  rail^'ay  and  als*>  5  kilo- 
metres for  light mg. 
The  wires  from  generator  station  to  railway  liave  a  rise  of  1,500  metres, 
Lightninf  Protectors  :— Siemens  A  Halske  horned-t^'pe  lightning  prtiletiors 
M  each  end  t^i  the  ci>nductorsj  and  on  every  pttlc  is  a  pointed  wire 
•.iinrtetlcd  to  the  earth. 
Transformer  station  in  separately  built  houses,  differing  according  to  \he 
lighting  requirements. 
¥f*T  the  raihvjiy  are  two  (later  3)  transformers  of  200  K%V.,  500  %olts 
f^iziindary  pressisre  i  in  the  lower  part  of  the  railway  they  are  i  kilo- 
metrei*  apart,  in  the  upper  part  (in  tunnel)  a  station  at  each  kilometre. 
TfanafonntTS  with  3  vertical  iron   cores,  primary  and  secondary  coils 
pbced  conasiaUy  over  one  another. 
Contsci  wire  of  the  railway  :^Two  wire^  ol  9  mm.  diameter  of  hard-drawn 
tapper  hxed  to  wires  drawn  iit  right  angles  to  contact  wire,  insulated 
and  mounted  on  wooden  masts.    These  masts  also  carry  the  feeders. 
ltaiN»  joined  by  railbond.s,  from  the  third  conductor. 
Ppiftni  route ;  —  Open  w^ay    2  kilometre:^. 

Tunnel         i  ,» 

Gauge  1  metre. 

Vignole  rails  and  rack. 
Avenij^  ri&e  on  the  open  laa  "lU- 
„        „      in  the  tunnel  250  %,. 

tolling  Slock  :— 4  locomotives  so  arranged  that  part  of  the  wagon  resets  on 
the  Iriconiotivc  \  each  locomotive  ha«  2  motors  with  a  maximum  output 
of  200  HP. 
ElcctrloLlly  heated  and  lighted 
Bt^tromot^^rs : — 8  small  motors  with  Ihrce-phasc  current  for  driving  venli* 

laifirti  piimps,  etc.  in  tunnel  w*ork,  altogether  50  H  P. 
RocMioring  tnach in es :— Electrical  percussion    lx>ring  machines  on  the 
solenoid  principle,  contin^ou*  current*  ^  machine*  l^einj*  worked  in  fhc 
tUBsm\  and  6  m  rc.*^erve. 
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EKGIKEERS  AND  CONSTRUCTORS. 

Superridon  : — Jungfrau  railway,  Head  engineer  Gobat. 
B«ii)dlngs  oC  walo- D3ur^-  ;--Gobat  4  Strub,  Head  engineer. 
Inm  pipes :"Akti en gcsellscbaft  J.  J.  Rieter. 

tt  t,  Escher  Wjrss  ft  Cie. 

Buildings  : — Jlingfrau  railway.  Head  engineer  Gnbat. 
Torbtne  plant : — AkiicTigc5ellscha.fl  J^  J*  R icier. 

,t  „         Eseher  W^yss  ft  Cie. 

EkclTic  ixmductors  :— Jungfrau  railway,  Electrical  engineer  Lomscbc. 

Instilled  by  F.  Fuchslin,  Aaraii. 
ElvMlric  goieralors  ^— MaschinenCabrik  Oerlikon. 
Tf^asforuiers  t —  «»  ^^ 

Ijooamolives :— Lokomotivfabnk    Winlcrlbur.    Brown    Boveri    ft    Cie., 

Badent  and  Mascbinenfabrik  Oerltkon, 
Meltons  t — Mafic hinenfabrik  Oerlikon  and  Brown  Boveri  ft  Cie.,  Baden. 
Liglitlng  in^Uilaliun^  :— Jungfrau  railway.  Electrical  engineer  L^ornsche. 
Boiing  tna^rhiite^  i^-Klektn^it&ts-Gesetlscbaft  Union p  Berlin. 


7, — The  BurgdorMhiut  Electric  Railway, 

Elcktrische  Vollbahn   Burgdorf-Thun*  AktiengeseU- 
schaft  in  Burgdorf, 

Built  i897-]%9.     Opened  July,  1199. 


iVisit^d  Saiurday,  S^ptembtr  i^fh.\ 


DRIVING  POWDER, 

Wftter  power  at  the  Kander  station  (*<t  p.  212), 

ROUTE. 

Finooi  Central- Bah n-Bahnhof  Thmi  over  KonotEngm  Icroising  the  Bern 
Luzeni-R^iJv^  jiy)  to  the  Central -Babn-Babnhof  Btirgdorf^  Ihc  fodi 
Biirgdnd-Hasle  is  worked  in  common  with  (he  Emmenthal  !.teani  yid 
way.    The  gauge  is  nomial  and  the  raiUvay  has  its  own  line  uf  raik 

ELECTRIC   SYSTEM, 

Three-phase  current.  Tension  of  4,000  volts  at  the  KiLndcr  station  and  m 
to  16,000  iTolls.  Tratismiiiion  by  ovcrhc^id  lines  along  the  railuraj  to 
transformer  stations,  and  there  reduced  to  750  volts. 

Two  contact  win^  aiul  Ihe  rails  form  the  three  leads.  Troltey  of  thc^  b 
t>'pe. 

EXTENSION    AND   DETAILS, 

Power  Station  :— {See  Kander  central  sution.) 

Route:— Total  length  of  Imc  40,000  metres.  Three  tunnels  together  55* 
metres  lon^.  Jiaf  Ivvay  536  lo  770  metres  above  «a-le\'«l, 

J  iMgc  iwnj^g^is  and  many  small  ones*. 

Gauge  noAy  3  tit  '       - 


IflOO.) 


DISCISSION. 
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Mifihnum  radius  qf  ain  t-  250  tuetrirs. 
Maximum  risw;  25  "/<«. 
Rails : —Cist-^tcel  Xlgtidlt.*  piciftle,  wdghing  56  kilogrammes  per  metrt;  tJii 
irtrti  sleepers  fin'  J  oi  Ihc  distancie  ; 
W*hKl      ,.  p.    I   „     H 

Electric  Conductors:  —High-len'iion  conductors ^par;ik\ not  nl  ways  following 
thi;  railwiiyi  uvMuuted  i*n  woodt;n  poles.     Ne:trest  point  (stiirltng  point) 
of  liie  railway  9  kilotndrcs  from  the  Kaiuk-r  pt>wer  station. 
3  wires  of  5  mm.  dianwter  copper, 

45  metres  niiveragc  dislantc  btjtween  masts.    5  %  Lna}dmum  loss. 
49  kil^imctrcs  lenj^th  of  lint*  und  37  tons  wctght  of  copper. 
Coniacl  wiTCt  750  voltsi,  2  overhead  wirc^,  hard  clipper  H  mm,  dtarni;(er  ; 
hotding-np    wires    55    melres   (average)  distance   apiirt*   witti   double 
fni^ulators. 
40  kilomLltts  length  iKuini*  a  copper  weight  of  36  tons  and  15%  1'*^^- 
Transformer  Stations:  — r^,  dtstribultd  over   the   length   of  the  rouie^  in 
station!^,  each  provided  with  tran?*fonners  of  150 kilowatts  in  ribbed  boxes 
and  immersed  in  oil,  and  wUhout  further  cCKjling, 
The  tmnsfomier  stalions  serve  as  towers  for  the  wires  and  have  forked 

lightning  arrcstem  with  water  rt^srstinces. 
A  special  wagon  is  used  for   makuig   repairs  and  conveying  the  trans* 
formers* 
RotHng  Stock  ;—i  electric  locomotives  with  two  axles  coupled^  2  asytichronous 
motors  300  HP*  and  cog-wheel  reduction* 
Carriages  for  goods  and  passengers^  total  weight  28  tons,  electrify]  equip- 
ment 10  Ions. 
6  automobile  carriage^  4  axles,  f*f.,  with  two  t^jgici  vvUh  two  asynchronous 
inotoni  together  240  HP-,  and  66  scats,  total  weight  }i  hms,  electrical 
ci|tiipment  8|  tons. 
Uxomotivcs  and  autoinohiles  carry  in  front  2,  and  behind  2^  contact  bows 

lo  conduct  the  current  to  motors* 
Locomotives  and  automobiles  have  ttte  speed  regulated  by  a  variable 
resistance  in  the  rotor  circuit*  They  have  ^mall  three-pha!*e  motors 
driving  the  atr-compression  plant  of  the  Westinghouse  brake.  They 
can  always  be  coufitcd  to  any  carriages  of  the  Swiss  standard  railway. 
They  contain  small  transformers  and  switches  for  electric  lighting  and 
ckclric  heating. 

DRIVIKG, 

^^ngle  and  double  pas^'nper  trains  ^insisting  of    two  automobiles  with 

tarria^jcjs*    Speetl  }(y  kilometres  per  hour  (single  toin  55  tons^. 
Goijds  trains  with  locomotives  run  at  hatf-speed. 
Stewii  engine  in  reserve. 

ENGINEERS  AND   CONTRACTORS 

j!  the  whole  elcctrit  pkml  and  etjuipmeut  :   Brown  Boveri  &  Cie.t  Baden, 


\h.  L  KOMPTON'  (whose  remarks  were  rlliii>traled  hy  ianicrn  slidc^l  ;    Sit 
I'k  the  ImUluUon  as  a  whole  is  to  be  congrattditted*  not  only  nn   '^f^"H'i'>" 
iiL  ^^^'»^^  vtj,it,  but  OH  the  very  able  report  tluit  the  Committee  has  pre- 
P^Tcd  on  that  %i&it*    The  report  will  he  of  extreme  value*  not  only  as  a 
vf^k  0f  rrfercnce*  on  account  of  the  statistics  it  contains,  hut  hecati^ 
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it  will  derinitcly  state  for  the  benefit  of  those  who  come  after  us, 
exactly  what  was  the  state  of  the  Swiss  electrical  engineering  industry 
at  the  time  of  our  visit. 

The  tour,  as  far  as  I  was  concerned,  commenced  at  Basel.  There 
the  first  object  noticed  was  the  electric  tramway.  The  only  thing  that 
I  can  say  in  regard  to  that  tramway  is  that,  when  it  was  first  put  down, 
a  couple  or  three  years  ago,  by  Siemens  &  Halskc,  of  Berlin,  I  was  laid 
up  in  a  house  within  twenty  feet  of  the  tramway,  and  then  it  was 
impressed  upon  me  for  the  first  time  what  a  wonderful  thing  an  electric 
tramway  is  :  cars  could  pass  at  frequent  intervals  in  front  of  a  house 
where  I  was  passing  a  sleepless  night,  and  yet  I  was  quite  undisturbed. 
Kxcept  for  the  hissing  noise  of  the  bar  along  the  wire,  it  was  not 
possible  to  tell  that  the  car  was  passing  the  house.  This  shows  how- 
electric  tramways  can  be  carried  into  a  residential  neighbourhood  and 
yet  be  a  far  less  disturbing  influence  than  almost  any  other  means  of 
transit. 

We  next  went  to  Rheinfelden,  and  visited  the  Power  House,  where 
we  saw  typical  Swiss  practice,  almost  the  first  development  in  which 
Swiss  practice  began  to  differ  from  our  practice,  which  was  forced 
upon  them  by  the  very  frequent  necessity  of  running  dynamos  on  the 
vertical  shaft  of  their  turbines.  The  Swiss  engineers  began  to  under- 
take large  work,  and  to  put  down  (I  think  I  am  right  in  saying)  almost 
the  first  large  installations  for  electrolytic  work  which  demanded 
large  low-tension  continuous-current  dynamos.  Mr.  Brown,  whilst  at 
Oerlikon,  commenced,  and  afterwards  the  Maschinenfabrik  Oerlikon 
and  others  followed  in  the  same  lines,  using  the  vertical  type  of  dynamo 
to  which  we  have  been  unaccustomed  in  this  country,  but  which  has 
become  quite  a  common  type  in  Switzerland. 

I  think  the  first  point  wx»  noticed  was  that  thg  Swiss  engineers 
were  not  afraid  of  a  rise  of  temperature  which  would  appal  the 
consulting  engineers  in  this  country.  We  noticed,  when  we  opened 
the  doors  of  the  power  houses,  a  puff  of  warm  air,  which  was  after^ 
wards  a  familiar  feature  to  us,  and  which  we  were  led  to  believe 
was  quite  the  right  thing.  It  seemed  WTong  enough  to  us  when  we 
lirst  entered  these  power  houses,  but  we  found  out  afterwards  that  it 
was  practically  right,  as  the  machines  are  quite  efficient  enough,  and 
have  certainly  not  suffered  from  any  deterioration  of  the  insulation  due 
to  over-heating. 

After  leaving  Rheinfelden,  we  went  through  Messrs.  Browo, 
Boveri's  works,  and  then  proceeded  to  Zurich,  and  we  were  several 
days  there.  Throughout  those  days  we  had  an  opportunity  of 
inspecting,  at  our  leisure,  the  various  great  Swiss  manufacturing 
electrical  works — Oerlikon.  Drown  Boveri's,  and  Alioth's  at  Basel.  The 
first  works  we  went  over  were  those  of  Messrs.  Brown,  Boveri.  I 
take  this  opportunity  of  calling  your  attention  to  the  history  of  Swiss 
electrical  engineering.  Switzerland  is  a  country  where  coal  is  dear, 
where  water  supply  is  plentiful,  and  where,  from  the  very  first,  some 
'inn  of  transmission  of  the  power  available  in  the  water  had  been 
A.*  SrhaiEhauscn  there  arc  various  kinds  of  wire-rope  tnui&- 
r882,  Messrs.  Sulzcr  Brothers,  as  one  ol  then 
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reminded  me.  ordered  from  me  a  pair  of  dynamo  machined  for  the   Mr. 
ptirposc  of  electrical  transmission  at  this  place,  and  I  was  exceedingly  ^^"'"Ptoii. 
proud  to  tind  that  this  was  the  first  electrical  transmission  in  Switzerland, 
Sixly-ltve  pvr  cent,  tiet  efficiency  was  obtained,  and  that  was  considered 
w  icitisfactory  that  I  believe  I   w;4-s  the  humble  means  of  inducing  a 
great  niany  Swiss  engineers  to  take  the  matter  up.    At  all  eventi>,  Mr- 
C?iarJe^  Brown  vcn*  >hnrtly  afterwvards  bcj^an  to  carry  on  work  in  the 
o|<l  inachine-tool  faclory  at  Oerlikon,  and  very  rapidly  made  hh  name 
;ind  fame  there     A*^  you  know,  he  afterwards  moved  on  to  hh  own 
works  at  Baden.   Oerlikon  then  pass^ed  *uece?isively  under  the  \^ery  skilful 
hands  of  Kolben  and  the  Hubert.     We  also  met  aiiutlier  exceedingly 
good  engineer  in    Bilrgin's  old   partner,   A  both,   ut   Basel.     The  ad- 
vantage that  these   men   enjoyed  in  having  in   their  mid  it  the   style 
of   workmanship  and  mechanical  tratning  available  in   the  works  of 
Messrs,   K?>cher  Wyss  &  Co,,  in  the  Winterthur  Locomotix^e  Works, 
irid  last,  but  not  leiLst»  in  the  works  of  Messrs,  Sul^er  Brothers*  t!ie 
princes  of  good  workmanship  of  the  entire  world,  must  never  be  for- 
gotten.    It  ha.H  stamped  Swiss  electrical  engineering  with  a  record  for 
ftiiivh  and  appearance  such  as  is  possessed  by  hardly  any  other  class  of 
tlcctiical  w*orkmanship.     I  am  sure  that  you  could  not  wander  through 
the  *hops  there  without  admiring  and  wondering  at  iU     1  call  your 
Mtcntion   especially  to    the  wonderful   winding    in    Messrs.   Brow^n, 
lk»veri*s  shops.     Every  class  of  winding,  whether  it  was  winding  that  is 
dragged  through  the  holes  and  pulled  into  position  afterwards,  which 
h  the  mo^t  difficult  of  all,  whether  it  is  the  winding  that  is  done  on 
kirincrs,  or  whether  it  was  that  beautifnl  bar  copper,  coiled  on  its  edge 
Mid  insulated  with  its  split  disks  of  paper^from  beginning  to  end  the 
binding  in  Brown,  Boveri  s  place  must  have  been  a  revelation  to  many  of 
«ur  Knglish  engineers.    Moreover,  the  others  are  so  nearly  equal  to  them 
lliat  I  always  s^iyin  my  own  works— and  I  believe  all  English  engineers, 
if  they  are  really  truthful,  say  the  same — that  if  the  winding  is  as  good  as 
Ihc  Swiss  winding,  it  is  quite  good  enough  as  regards  both  the  finish  and 
the  electrical  requirements.    As  regards  mechanical  linish,  our  party  had 
tilt-  advantage  of  having  Messrs.  Suker  before  them.     Three  or  four  of 
us  liad  the  privilege  of  spending  a  quiet  and  most  interesting  day  in 
Messrs.   Suliers  works.     I  did   not   think  it  was  posMble   that  large 
engines,  for  months  in  the  shop,  could  be  iinished  without  so  much  as 
A  J4ngk  scratch  on  them  from  beginning  to  end.     It  is  inconceivable 
ihM  in  an^"  Knglish  engineer*>  shop  some  apprentice  or  labourer  would 
fiQt  have  carelessly  scratched  beautiful  cylinder  Jagging  such  as  that  we 
I V*  mo  the  ipooo  H.P>  engines.   It  does  not  seem  possible  with  the  highest 
!i     ipline  we  have  in  our  Knglish  shops  to  have  attained  to  that  per- 
r  cleanliness,  neatness,  and  Imish  that  we  saw  there.     There  is 
.  consoling.     Although  they  are  very  perfectjthey  demand  and 
:4h  price.     High-class  work  will  always  demand  and  bring  high 
,   .  jij  1  think  it  wilt  t>e  a  powerful  incetUive  to  us  in  our  branch 
L  mechanical  engineering  trade  to  work  up  to  the  same  pitch  and 
i  vi  try  to  get  the  same  finish  and  that  equally  high  price.     Thai  is 
I  envy  in  Suiters,  that  they  have   built  up  such  a  name  for 
..i:;j  H!iip  th-*t  they  continue  to  get  orders  from  all  parts  of  the  ^ 
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r  if*:.,  I'  \\ : . .  I  r  ! '. : .;  v  1 : .  til  .  t '  rci '  i  v  d  1 1 . .  I  T  h : :  ■  !x  iv  m  i  e  of  y  o  u  will  di  sagrec 
\v : r i ,  I II t;  u : : . j :  1  I  >. tv  r " ;  i r  i  ■  >.  i^^r^ . i '  I e - -■  : i  we  all  of  us  learned  there 
WA'  til'."  iirivApcCUd  ^inipi:city  arui  ^ati-t'.icr»rv  design  of  the  railways 
direct-driven  by  multiph.i-c  i.urr\.Pt-.  I'-r  example,  if  you  were  told 
that  viiu  were  goiii.i:  t"  \\  .»rk  a  railwa\  with  two  trolleys,  a  double 
•^Uey  wilh  a  considerable  p"tL:itia[  ditfercnce  between  the  two  trolley- 

sin  the  air,  and  return  by  tlie  raiI->.  you  would  have  thought  the 
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1. •:miplicalioii  would  lie  great.  Wc  were  aKva}'^  told  Uul  a  doubk- 
troUcy  ^tcm  had  been  tried  in  Aniericn,  ami  had  failed  on  tluU 
account 

But  looking  at  ihc  Stiintjstad  Railway.  I  think  every  one  XKit^  asloti- 
bht?d  at  the  unexpected  ximplicity  of  the  overhead  construction,  the 
switchboard «  and  of  all  Ihf  armngemeots  of  this,  which  \^'as  the  first 
niiltftmy  of  the  kind  that  we  saw.  Even  thing  goes  to  !>ho\v  that  this 
multiphase  railwav  working,  instead  of  increasing  the  complication,  is 
hictfly  to  dccrca^^e  it. 

I  would  c:tll  attetttion  to  a  notice  on  one  switchboard  at  the  generating 
Htaticin  of  the  Stansstad  Engelberg  Railway.  It  van:  *' Erst  besinnc% 
Dutin  bcginnc/'  Many  traaslations  were  suggested.  One  is  Thittk 
vlfirlr,  Thtn  siifhfK 

With  regard  to  pljolographs,  no  ol^lacle  was  put  in  our  way :  our 
aniateur  photographers  migfit  have  taken  snapshots  of  anything  they 
pleased  in-nide  the  works,  but  I  think  our  members  showed  very  good 
tasic  in  not  taking  pictures  of  special  tools  or  cofitri%'ances,  or  modes 
cil  fnanufaclurtr*  We  only  took  the  very  special  things  we  were  asked 
*o  take,  and  I  am  very  pleased  that  that  M'as  the  case. 

Mr.  R.  H.4\fM0\-D  :  We  must  all  feel  that  Mr  Cronipton  has  given 

»is  a  splendid  rhumi  of  what  we  saw  in  Switzerland,  and  it  is  difticult 

to  follow  him,  because  he  has  been  so  exhaustive.    Truly  he  says  that 

S\*7t Zetland  had  before  it  a  splendid  example  in  the  works  of  Messrs. 

Sulrcr  Brothers,  and  one  cannot  ponder  too  carefully  upon  this  illustra- 

tiouof  the  way  in  which  splendidly  etiuipped  engineering^  shops  may 

mflucnce   the  engineering  of   a   w*hole    nation.      Another   point    that 

Mr,  Crompton  liad  not  time  to  dwell  upon,  but  in  which  I  am  sure  he 

ttuplfl  perfectly  agree,  is  that  in  the  works  of  Messrs,  K^ehcr  Wyss 

^  Co.,  the  makers  of  the  turbine,  5'ou  sec  the  works  of  a  firm  which 

b*  been  making  twrhines  for  generations.     Some  may  think  that  this 

"tilialion  of  water-power  only  began  with  the  application  of  electricity 

^ »  IXtWer^istrrbution,  but   it    was   most    interesting   in   the  works  of 

Jts^r^j.  Escher  Wyss  &  Co.  to  sec  pictures  of  the  early  turbines  made 

i'v  tf>c  progenitors  of  that  firm  for  the  utilisation  of  water-power  one 

tnirjdrcd  years  iigo,     Thev  have  really  beeti  learning  their  engineering 

aot  for  one  decade  or  two,  but  for  a  century  ;  in  fact  they  began,  some 

<^y,  iti  the  century  before  fast,  but  1  woujd  not  like  to  introduce  the 

century  "  controversy  at  this  late  hour.    At  all  events  they  can  show  you 

t.it  the  powef -stations  which  they  are  now  building  all  over  Switzerland 

a  the  outcome  of  the  labours  of  generations  of  en|4ineers.    Switzerland 

So  h;id  that  great  advantage,  and  Mr.  Crompton  says  that  that  influ- 

(fjr.^f  fhe  dynamo  manufacturers  to    such    an   extent   that   they   are 

'  better  dynamos  than  we  are  in  England.     Hiere,  sorry  as 

!  jr  from  him,  I  can  bardly  confirm  htm.     It  is  certainly  not 

lopoidjle  with  the  statement  that  there  is  a  very  large  tcmperaturu- 

j>e,  that  the  dynamos  ;ire  absolutely  equal  to  those  to  which  we  are 

mere  accustomed*  where  the  tentperaturc-rise  is  smaller  in  consequence 

t  the  winding  being  better  eapabie  of  carrying  the  current  that  is  to 

^^s  throtigh  it*     Speaking  personally— and  of  course  we  are  here  only 

^-e  €far  periMjfial  opinions — the  dynamo  work  did  not  strike  me  so 
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much  as  the  engineering  work  which  we  saw  in  Switzerland.  I  under- 
stands however,  that  what  wxi  really  have  to  do  to-night  is  to  see  what 
le^ssons  there  were  lo  be  learned  in  SwiUcrlniid  which  we  can  brin^ 
t>ack  With  ns  to  England.  In  receiving  Ihe  report  and  in  recordin^^ 
our  gratitude  to  those  members  of  ih\^  Institution  who  inaugurated  the 
idea  of  these  visits  to  foreign  countries^  which  have  proved  so  valuable 
in  the  case  of  kindred  societies  it  h  our  duty  lo  say  that  we  feel  llial 
we  have  l>rought  home  some  It^stions  which  we  can  apply  to  engineer* 
ing  here.  tJnquestionably  the  chii^f  thing  that  we  saw  wa^  the  utilisa- 
tion of  water-power,  and  it  has  hL^en  said  that  we  cannot  emulate  the 
Swiss  hecanse  we  have  not  the  water.  I  wotdd  like  jttM  to  draw  atten- 
tion to  the  point  which  struck  me  on  I  lie  lirst  diiy*  The  lu'st  laige 
works  we  visited  were  those  at  Rhtioklden^  where  we  i^uv  Hj.ooo  H.F» 
obtainetl  troni  w^ater-powcr  and  being  distributed,  and  the  natural  wish 
seemed  to  be  that  we  had  that  water  in  England.  It  will  be  within 
the  memory  of  some  of  the  members  who  were  at  the  luncheon  after- 
wards, that  it  was  pointed  out,  as  I  venture  to  point  out  here  to- nigh  I, 
that  though  it  be  true  that  we  have  not  the  water  in  England^  w^e  have 
the  coal,  and  it  is  not  the  actual  turning-force  of  the  dynamo  which 
constitutes  the  whole  of  the  cost  of  electrical  energy. 

There  is  a  feeling  among  the  public  that,  l^y  means  of  water-power, 
electricity  might  be  made  much  cheaper  to  the  consumer ;  in  fact  it 
w^as  stated  in  a  communication  to  one  of  the  technical  papers  that»  by 
means  of  water-power,  they  were  emibled  in  Switzerland  to  sell  electri- 
city at  a  profit  for  }d.  per  unit.  One  characteristic  of  the  Swiss  visit 
w*as^  that  we  did  not  get  informed  upon  many  commercial  points*.  If 
a  similar  tour  had  been  made  through  England,  the  tourists,  if  one 
might  so  call  them*  wou!d  have  t>een  deluged  with  statements  as  lo 
the  cost  per  unit  delivered  to  the  consumer,  the  percentage  of  cost  to 
revenue,  and  revenue  per  unit  delivered  to  consumer*  and  all  those 
cabalistic  Jigures  which  so  many  delight  in.  We  passed  through 
Switzerland,  I  beheve,  without  knowing  what  was  the  cost  per  unit 
atiywhere,  but  some  would  have  been  happier  if  we  had  been  able  to 
ascertain  this.  One  of  us  ventured  to  inquire  in  the  first  works  visited, 
but  did  not  succeed  in  tinding  anybody  who  would  give  any  in- 
formation thereon.  I  gathered  from  this,  that  in  Switzerland,  the 
engineer  concerned  himself  Vkith  engineering,  and  looked  npon  the 
commercial  part  of  the  business  as  something  which  v^as  rather  the 
province  of  the  commercial  man.  Of  course,  as  one  acquainted  with 
many  consulting  engineers  in  this  count r>'^  I  was  pleased  to  hnd  thai 
the  engineer  in  Switzerland  had  so  important  a  position*  Some  have 
come  back  from  Switzerland  considering  that  the  real  moral  of  the  trip 
was  that  consulting  engineers  were  apparently  unnecessjiry  and  were 
absolutely  ignored  in  that  country,  I  did  not  form  that  idea.  At  the 
very  first  w*orks  we  went  to  we  found  that  not  only  was  there  a  con 
suiting  engineer,  but  thut  he  v^'as  resident.  In  this  country  it  is  tbi 
unfortunate  practice  to  force  tlie  consulting  engineer  to  consult  icir 
many  places,  and  to  shift  him  about  by  train  and  boat  from  one  placL- 
to  the  other,  until ,  if  he  attends  an  Institution  meeting  he  has  to  catch 
the  newspaper  train  in  order  to  get  to  the  north  of  Yorkshire  the  nctl 
day* 
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At  the  lunch  at  Rhetnfelden  one  of  the  toasts  was  replied  to  by 
Dr,  Frey,  a  most  eminent  engineer,  who  acted  a^  consulting  engineer 
Jot  the  great  works  ;it  that  place.  He  is  one  ol  the  great  type  of  con- 
^.tUtifig  engineers,  the  one  with  due  regard  to  the  position  of  the  nianii- 
fsictiirer,  who  con^^klers  thai  it  is  the  duty  of  a  consulting  engii^eer  to 
step  in  between  the  buyer  and  the  seUer/and  enable  the  buyer  to  spend 
his  money  to  the  best  advantcige,  and  to  treat  the  manufactiu-ers'  stan* 
dord  patterns  as  something  that  he  must  give  encouragement  to.  There, 
on  the  threshold,  wc  found  such  a  man  in  Dr,  Frcy.  And  we  found 
IhroiLghout  our  trip,  those  of  ns  who  were  interested  from  the  consulting 
engineer's  point  of  view,  that  they  were  responsible  for  the  work. 

l-inaliy,  to  return  to  the  question  of  water-power.  Though  wc  have 
not  ttie  waler-povver  here,  we  have  something  which  takes  it.n  place, 
and  which  forms  a  certain  proportion  of  the  co^t  of  generating  electri- 
city. I  have  int^nired  into  the  proportion  which  the  cost  of  eoal  bears 
lo  the  total  cost  of  production  in  the  United  Kingdom.  I  find  that  (for 
example)  in  Kensington,  the  cost  of  coal  is  25  per  cent,  of  the  total 
co*t^*  including  works'-  and  management -co  sis,  and  in  fact  all  those 
which  wc  find  classed  by  the  Board  of  Trade  as  costs  of  production 
and  di^tribntion.  Therefore  if  the  coal  bill  were  aboU^f^hed,  the 
totat  cost  at  Kensington  being  3*04d,  per  unit,  would  be  reduced 
by  only  id.  it  is  very  absurd,  therefore,  to  say  that  by  merely  sub- 
Mituting  w^ter  for  coal  you  will  reduce  the  cost  from  ^d.  per  unit 
to  Jd.  The  utmost  you  can  attempt  to  do  is  to  eliminate  the  coal  bill 
entirely.  But  of  course  in  snb*^tituting  water  for  coa!  yon  put  in  some- 
thing which  also  entaiU  expense.  1  need  not  detail  what,  for  you  are 
well  acquainted  with  it.  I  might  equally  well  have  taken  any  station 
other  than  Kensington  as  an  exairple.  At  Leeds  the  coal  bill  is  only 
17  per  cent,  of  the  total  costs.  The  real  lesson  to  be  learned  t^y  the 
;ipphcation  of  water-power  is  not  the  substitution  of  w^ater  for  coal,  but 
that  aggregation  of  load  is  the  real  element  in  low  c03?ls. 

Mr,  M.  G.  S.  Swallow  :  As  a  member  of  the  profession  and  of  the  Insti- 
tution who  has  been  for  some  years  in  Swit  iter  land,  I  wish  to  thank  both 
Mr*  Crorapton  and  the  metubers  generally  for  the  great  interest  they 
take  ill  Swiss  electrical  engineering.  I  had  not  the  good  fortune  to  be 
^itb  the  tncmbers  of  the  Institution  during  tlie  whole  of  the  visit,  but 
one  of  the  most  interesting  plants  which  they  sasv  was  no  doubt  the 
Btirgdorf-Thun  Railway.  1  have  l^cen  very  interested  in  comparing  the 
manner  of  working  railways  electrically  in  England  aJid  on  our  Sw^iss 
liocs  I  have  to-dav  had  an  opportunity  of  seeing  some  part  ot  the  plant 
of  tlic  Central  London  l^LiiUvay,  and  was  rather  astonished  to  fmd  that 
ibe  thrcc'phase  current,  which  is  used  principally  for  transmission,  is  not 
nnpiuyed  directly  lo  propel  ttic  trains.  No  doubt  there  are  very  urgent 
rrasons  why  this  should  not  be  the  case*  but  three-phase  driving  is 
practised  on  the  Burgdorf^Thun  Railway*  and  I  think  it  fulfils  all  (he 
requiremmls  of  that  railway,  and  will  continue  to  do  so  even  wHieu  the 
railway  shall  have  a  large  traffic  to  arrange  for. 

Professor  C.  A.  Carus&^Wilson  i  Those  of  ns  who  had  the  benefit  of 
Mr  S\v.Jltiw\  giiidance  in  going  o%er  the  Burgdorf-Thun  Railway ^  of 
viimJ.  lie  is  the  resident  engineer,  will  appreciate  his  remarks  in  con- 
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ncctioii  with  the  relation  between  electrical  railway  enterprise  in  England 
and  tliree-pha>e  railway  enterprise  as  now  conducted  in  Switzerland. 
It  must  indeed  he  astoni>hin<^  to  railway  engineers  coming  from  Swit- 
zerland to  visit  our  Central  London  Railway,  to  see  the  three-phase 
generating  plant,  with  continuous-current  motors  on  the  locomotives. 
The  impression  conveyed  to  the  majority  of  the  members  in  Switzerland 
mu>t  have  been  that  the  Burgdorf-Tliun  Railway  was  the  most  remark- 
able thing  we  saw.  It  is  especially  remarkable  because  the  people  who 
were  interested  in  putting  down  this  railway  knew  very  well  the  under- 
taking was  a  critical  one.  Most  of  the  members  must  be  acquainted 
with  the  peculiar  conditions  which  render  the  railway  quite  a  unique 
electrical  undertaking  ;  it  is  a  normal-gauge  railway,  linked  with  all  the 
other  Swiss  railway>  and  carrying  ordinary  traffic  ;  in  fact,  it  is,  in 
every  respect,  a  standard  normal-gauge  railway.  That  the  promoters 
of  this  enterprise  should  have  undertaken  to  equip  it  with  three-phase 
motors  is  the  greatest  proof  that  we  can  have  of  the  confidence  that 
the  leading  engineering  lirms  in  Switzerland  have  in  the  application  of 
the  three-phase  system  to  railways.  I  think  it  cannot  be  a  matter 
of  doubt  that  although  the  financial  success  of  the  Burgdorf-Thun 
Railway  is  yet  to  be  proved,  if  there  had  been  any  question  as  to  the 
comparative  efllciency  and  economy  between  the  three-phase  and  the 
continuous-current  systems,  those  who  were  responsible  for  equipping 
that  railway  would  not  have  used  the  three-phase  system. 

We  had  many  striking  and  interesting  illustrations  of  three-phase 
railway  practice,  not  only  in  the  Burgdorf-Thun  Railway  but  in  other 
electric  railways  which  we  visited  in  Switzerland.  We  were  able  to 
make  useful  comparisons  of  present  Swiss  practice  in  the  locomotives 
made  for  the  Jungfrau  Railway  by  the  two  great  engineering  firms, 
the  Maschinentabrik  Oerlikon,  and  Brown,  Boveri  &  Co.  I  noted 
several  points  of  difference  showing  that  the  locomotives  made  by  the 
Oerlikon  Company  differed  in  many  important  respects  from  those  made 
by  Brown,  Boveri  \'  Co.  In  the  first  place  the  Oerlikon  locomotives 
were  k)  tons  against  Brown,  Boveri's  13  tons.  Brown,  Boveri's 
motors  had  fewer  poles  than  those  from  Oerlikon,  and  the  gearing  was 
cut  very  differently.  One  of  the  most  interesting  electrical  differences 
between  the  two  types  of  locomotive  was  that  the  Oerlikon  firm  used 
different  rheostats  for  the  two  rotor  resistances,  while  Brown,  Boveri 
used  the  same  rheostat.  The  latter  method  has  a  very  ()cculiar  effect, 
which  may  have  been  observed  by  the  members  who  travelled  on  the 
Jungfrau  Railway.  I  allude  to  a  jerking  motion,  especially  at  the  moment 
of  starting.  This  is  in  consequence  of  the  fact  that  the  two  motors  on 
the  locomotives  are  coupled  in  parallel  on  to  the  same  rotor  rheostat 
and  produce  a  hunting  effect,  which  gives  this  peculiar  jerk  in  mounting 
the  incline.  The  Oerlikon  firm  avoids  the  effect  by  having  separate 
rotor  rheostats. 

•  One  of  the  most  common  objections  raised  against  polyphase  motors 
for  railway  work  is  the  very  small  clearance  that  you  arc  obliged  to 
with.     It  must  have  astonished  mechanical  engineers  when  they 
*ned  how  exceedingly  narrow  the  clearance  was  in  the  motors  on  all 
»ha^  electric  railways.     For  instance,  on  the  Burgdorf* 
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Thy  11  RiAituMv  Ihc  ck'.mitict;  liutwcun  the  rotors  and  the  *»tators  was   [^^^^^ 
only  ti  mm,  on  the  r;idiuSj  and  they  werti  running  at /soo  revolutions  a   vvii^jn. 
miDutc*     SwiSH  cnginvLTs  fiuve  tried  even  iiarrtmer  elearancesi.     I  was 
lold  thai  they  h^  at  tirst  tried  a  clearance  of  i  mm.,  but  had  been  obliged 
la  enlarge  it  little  by  little  unlil  at  last  they  increased  it  to  li  mm,,  and 
ihe}^  w^it  cjuite  satisfied  with  that. 

Mr.  Cronipton  has  already  alhided  to  the  question  of  overhead 
conductors.  That  is  another  objection  which  is  constantly  raised 
Agnni4  three-phase  work.  But  it  should  be  borne  in  mind  that  all  the 
%-!■-*  railways  li^Vir  level  crossings,  and  consequently  are  not  able  to  have 
^iijtihary  third  rails,  t  understand  that  il  the\*  were  working  utitler 
British  conditions  wilJi  crossin^^s  under  or  over  the  permaoent  way» 
ihcy  would  use  auxiliary  raiks,  and  do  away  with  overhead  wires 
.iltogdhcr, 

Thij^»  who  travelled  over  tiie  Burgdorf-Thun  Rail\%'ay  must  have 
ba*n  Mruck  with  the  simplicity  of  it^  construction  ;  in  fact  the  three- 
phase  itiotor  seems  to  lend  itself  in  a  remarkable  way  not  only  to 
ihL*clas>  of  work  it  is  put  to  in  mountain  rarhvays,  but  for  the  ordinary 
Iraffic  of  ordinary  steam  railways.  One  great  advantage  is  no  doubt  the 
uniform  rate  of  rurming,  which  depends  upon  frequency  and  not  upon 
I'ud.  The  liur^^dorf-Thun  Haihvay  has  a  drop  of  only  2  per  cent, 
it  i«ll  loiid*  and  the  speed  is  kept  constant  within  tho^e  Ujnits,  Then 
thffc  is  perfect  regulation  of  speed  by  the  rotor  resistances,  and  a  perfect 
vnriiboti  through  the  extreme  limits  of  speed  and  load  can  be  obtained, 
01  all  the  interesting  things  we  saw  on  these  three*phase  railways,  I 
Hunk  the  most  interesting  was  the  Engelberg  train  coming  down 
i  i$  per  cent,  gradient  held  by  nothing  whatever  but  the  current  returned 
into  the  line  from  the  three-phase  motors  acting  as  generators.  That  is  a 
'fling  tew  of  us  had  seen  before.  I  ascertained  definitely  from  the  engi- 
mer,  that  in  descending  the  25  per  cent,  gradient  the  whole  train  was 
(hui  held,  and  descended  with  n  speed  only  5  per  cent,  greater  than 
tiif  normal  speed  of  synchronism  without  any  brake-^n.  This  is  a  great 
achievement^  and  1  think  is  one  of  the  most  remarkable  features  of 
three*ph;ise  railMTiy  work. 

Mr.  L.  Btrks  :  Though  not  included  in  the  Institulion  visits,  a  few  ^'   '^^^'^'* 

slides  and  details  uf  the  Hagneck  Water-power  Station  may  not  be 

d«;void   of  interest.     Those  of  the   party   wlici   were    at    Baden   will 

mncmber  the  large  allernatorsi  for  this  plant  which  were  being  erected 

the  bhop!^  of  Messrs.  Brown.  Boveri,     I  am  indeblcd  for  the  following 

iatb  to  Herr  G.  Kolhker,  the  resident  engineer  for  the  Etektricitats- 

wcrkc,  Hagneck,  who  kindly  showed  me  over  the  plant     Hagiieck  is  a 

^nulj  rilbge  on  the  eiist  shore  of  the  Lake  of  Bicnne,  some  seven  miles 

frum   Biennis  it^jf,  the  nearest  town  of  importance.    The   power   h 

tkfivcd  ifom  Ihc   Hagneck  Canal — a  large  watercourse  constructed 

sofoe  years  hack  to  drain  off  the  surplus  water  of  the  Aar  to  the  lake. 

The  u^rk^  neces^iry  to  utilise  this  power  were  commenced  some  two 

years  ago,  ;ind  ixn*  now  approaching  completion.     By  throwing  a  \v*€\r 

icro^  the  mouth  of  the  canal  a  fall  of  six  to  nine  metres  is  obtained. 

The  pre*s*ure  on  ilie  four  piers  at  high  water  will  amount  to  130,000 

Hi     From  above  the  weir  a  short  canal  100  metres  long  by  17  tnctres 
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ftirt^       Vx'jru-i  Irtari-.  ::.rix',r  :.:  -'-e  •:rri-e-"r.ii'^-:e.  xherxi  i  ?b:r:  tail-ri*:e  came> 

■r-.r7  ■  rert..-.-,-   *  .r-'-T-    c   :  7c:    :.r.  liuh   ry  M --r-.  BcII  and  Co..  ot 

r . *r  r. •:  r. r -:: :.:l::.  'tjkx  :  -  : .- . -red  i >.•.-.:  h- 7  : ■*  :  r , f.i:: -. ^  ^iic  =  jc t -jJlcd  by  a 
-•: r  -tT  i.r i  1'  T. .  z.  '  -' r.  -.  r.<-: .  1 11- ;  -*  ir.^  r  =^  i-*^  1  r.  r  y  h  jud.  A--:- j niatic 
rrr^f'.Larion  i-.  ii-o  pr-y-.-^led  for  ry  il:--:..^  :l:c  :-v:i:rLi.:i--r.  r-r  :hc  turbine 
;;\»;dr;-hLv!e-.  T.-.e  •hree-pr.i'^  ^iji:c--.  .L:  iI:=r:Li::r'r  ire  mounted 
d:  r  e- .  r  :;  n  t  -.t:  •.  cr :  icii  :  j.r  !■  i  r. :  -  -  ;--if:  -.  T .:  r:  r  c  \  .  ::::r  :•  ir  j  -dh  ve  n  i  rom  i  iic 
-ar/. :  -rju:  by  be',  el  •*  -ccI-.  ind  ir=  rhcn-srivi.-  exo::=d  fr-jci  a  -ccondary 
cncircr.  driver,  indepcr.dc-lly  h;/  i  2-0  *-..r.  rurb  ir.ir.  :t  which  one  i> 
ai-A.iV-  :n  r-jicr/c.  Thi-  arran.gerr.wr.:  r;:d  ::c>  variirion.  in  voltage 
^r  r::j  exi-it-rr-  due  to  var--i::oa7r  1-  -pce-.i  ot  :hc  t::rb;nc<.  .V-  at  the 
ICari'J-jrA  jr'iL.  tr.e  load  i?  divided  befvVcen  two  separate  di>trib'Jting 
cir'.uic-.  rr.'j  ■  nihig  "  and  •  uarahig  " — the  ->tcady  and  variable  load: 
li;Jr.rin;-  an.-i  -mall  motor-  wiil  be  connected  to  the  f  :>rnicr.  large  motors 
and  trarri'a^y-!  to  the  latter.  The  power  i-;  di-^tributed  direct  on  an 
ovcrheari  ;  .jle  line  at  ?<.ooo  volt-.  Or  the  5.000  k.w.  generated.  2.000 
will  be  talc'::i  by  a  calcium  carbide  tactor\-  at  \idau.  nine  kilometres 
di-stant.  The  remainder  will  be  distributed  over  an  area  oi  55 
liilometre-  diameter,  including  vjm-j  titty  small  village?  and  several 
large  town-. 
V  rw,n.  ^^^-  ^^^^-^  KoBiN'soN' :  Though  I  was  not  able  to  go  to  Switzerland 

with  the  In-jtitution.  I  should  like  to  join  with  Mr.  Crompton  in  his 
tribute  to  the  good  work  of  the  Swiss,  and  in  particular  to  the  splendid 
work  done  by  the  firm  of  Sulzer  Brothers.  Some  three  or  tour  weeks 
ago  I  vi->ited  Me-sr:i.  Sulzer'a  works,  and  enjoyed  the  privilege  of 
thoroughly  in-pecting  the  works  under  the  guidance  of  Mr.  Carl  Sulzer. 
Certainly  they  de-erve  everything  which  Mr.  Crompton  has  said  of 
them,  though  I  do  not  altogether  like  the  praise  he  gave  to  the  absence 
of  ^cratche^  upon  the  external  finish  :  prai>c  is  better  deser\-ed  by  the 
magnificent  accuracy  of  the  work.  This  is  doubly  deser>'ing  of  praise 
bircau-iic  they  do  not  work  under  the  favourable  conditions  which  prevail 
in  ?>ome  few  works  » though  unhappily  only  a  fewi  in  England,  where 
everything  i>  done  to  gauge  and  template.  They  do  not  work  on  that 
system,  and  they  lament  a  great  deal  that  they  do  not  and,  as  they 
tiiink,  cannot.  It  would  be  much  better  for  them  if  they  could.  But 
without  it  they  obtain  an  accuracy  which,  although  I  do  not  think  it  is 
greater  than  our^  in  England,  is  at  any  nite  as  good.  What  struck  me 
most  in  Switzerland  wa^  not  the  mere  fact  that  they  have  water  available- 
there,  because  I  agree  with  Mr.  Hammond  that  it  makes  comparatively 
little  difference  financially  whether  there  is  water  available,  or  whether 
steam  ha>  to  be  used  :  what  >trikes  one  is  the  great  development  of 
three-pha.^e  work.  It  seemed  to  me  that  those  gentlemen  who  under- 
stand the  electrical  side  of  the  matter  much  better  than  I  do  would 
benefit  us  by  turning  their  attention  to  three-phase  work,  and  seeing 
whether  its  immense  development  in  Switzerland  might  not  be  repeated 
here. 
Mf.  ^  Mr.  J.  S.  Raworth  :  Mr.  Crompton  never  speaks  without  giving  this 

InsUtution  the  greatest  pleasure,  and  I  feel  that  all  of  us  will  feel  some 
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Crcf»idatioffi  in  hcaiing  ibit  be  is  Uiinldng  of  leading  our  noMc  atwl  ^;^pg^^ 
bfavc  brethren  at  the  Cape.     I  want  to  tnsikc  one  siigj»c^tion  winch  h^s 
nothing  to  do  with  Swiiierland,  mod  that  k  that  he  shoi^d  imprc:^.^  upon 
the  memhcrs  of  the  Institution  that  the  fund.^  he  h  collecting  arc  to  be 
used  in  making  our  iViendsin  the  Electrical  Kngrnccrs^*  Volunteer  Corps 
more  cooifortable  when  they  are  out  at  the  Cape*  bemuse  I  know  that 
^ime  people  to  whom  the  appeal  has  been  ,^ddrefc!«d  have  thought 
that   the  6ndin^  cit   plant  ought  to  be  done  by  the  Government,  and 
therefore  they  have  not  responded  so  heartily  ^  they  would  have  done 
if  they  had  known  to  what  purpo!iic  it  w^s  intended  to  arply  the  fund^ 
I  luvc  not  very  tnuch  to  say  al>out  Switzcrlatid.     I  c;tn  only  say  that 
I  he  pjclure-si  on  the  screen  were  so  lifetike  that  when  we  came  to  one 
pLicc  I  felt  hunur>%  and  in  another  place  I  felt  thirsty,  and  in  another 
place  t  ielt  in  a  great  perspiration.     I  can  assure  Profe^^sor  Carus-Wilson 
that  d  I  had  known  when  we  were  coming  down  the  Engelberg  railway 
that  we  w^re  only  held  up  by  the  motor^^  acting  a^  generators,  1  should  have 
lireti  in  the  greatest  perspiration  of  my  life.     Mr,  CrompUm  says  that  our 
fnaiuiers  were  excellent,  and  if  we  did  not  go  about  pl\otographing  things 
It  tifas  siroply  because  we  ought  not  to  have  photographed  them.     1  can 
^  a  step  further,  and  s,ty  that  as  far  as  any  words  which  I  heard  spoketi 
by  the  English  electrical  engineers  in  Switzerland  are  concerned^  yon 
'A^uld  have  thought  that  they  had  done  nothing  at  all  \  that  they  had 
not  come  from  an  electrical  country  ;  and  that  there  were  no  great  elec- 
tric^ works  in  this  country.     They  were  consumed  with  telling  our 
Swiss  hosts  what  excellent  work  they  did »  and  how  charmed  they  were 
lo  see  u>  many  developments  there  which  we  had  not  at  home.    Tins 
was  enttrely  correct,  because  the  things  we  saw  there  were  all  of  a 
'^pcciiU  character,  of  which  we   have    had  very  little  or  no   develop* 
ntcnt  in  this  country.     But  if  ever  it  should  fall  to  our  lot  to  entertain 
M«ir  Swiss  hosts  in  this  country,  I  am  quite  sure  they  will  be  willing  to 
p*y  a  like  tribute  lo  the  progress  of  electricity  in  England,  and  they 
will  be  able  to  see  some  works  which  wnll  astonish  them.     I  am  quite 
vtire  that  if  they  will  only  come  here  I  hey  will  not  be  let  oflf  with  any 
lews  hospitality  than  they  provided  for  us*     The  matter  of  what  wc  saw 
there  wa-^  pretty  well  ihraslied  on t  some  time  ago  in  Light nmg.     Every- 
'      'v  wus  a^ked  lo  send  in  hh  vkvvs  as  to  wliat  he  had  seen,  and 
MUgfj  A  good  many  of  ui  treated  it  lightly,  there  were  one  or  two 
»%im  entered  into  the  matter  at  great  length.     This  Report  gives  the 
details  of  most  of  the  experiences  which  wc  had.    The  Conmtittce  have 
done  their  work  ver\'  weSl  indeed,  but  I  should  like  to  siiggesl  to  the 
C4>fiimittee  that  they  have  omitted  one  thing  in   the  third  paragraph, 
I1icy  say:    "At  Rheinfeldcn,  after   visiting  the   power    station,   the 
member^  were  most  hospitably  entertained  at  hmch  by  the  directors  of 
Hie  Kraf  tuber  tragi!  ng^werke,"    They  do  not  say  that  Hcrr  Rathenau 
came  all  the  way  from  BerUn  in  order  to  be  present  at  that  luncheon, 
jnd  to  give  us  a  very  warm  and  hearty  invitation  to  go  to  Berlin  another 
\\^T,  which  invitation  1  hope  the  Institution  will  have  the  opportunity 

The  Pkkmdlxt  :  It  is  accepted. 
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of  dkr  vfrts  ift  f^r3*ce.< 
fvacticc    We  need  not  i 

I  dansf  jM  noticed  Oksd  in 
j^eneraOf  »ee  a  p^  cif  JGmmh^    Thef  are  ««i  ooIt  Smis&  joomals,  biit 
yoo  win  iiotioe  cv^er^  looiial  ri»  haf«  enr  Ixard  of*  a^  o^uif 

tl^  fsm  Ja^  HOC  tlie  CoatiAetal  cagjnccr  k  an  anuiifionMKs  reader  ; 
lie  kiiOOT^  ercsTthu^  tlal  b  fSoii^  aa  la  ensy  odier  coantrT,  just  as 
arel]  ai  lie  does  «pk«t  t»  gOii%  on  hi  im  qvtL  In  E^^and  1  am  afmid 
im  do  not  do  tlsL  We  baiir  worked  niber  oq  another  ^^stem*  In 
earljr  d^>^  von  witl  renieiiibcr,  ^shitn  electric  l^htii^  caioe  fonvard. 
cacb  persott  liad  some  spMem  wtiidft  iadaded  a  ciyiouiio^  a  laipp,  and 
everytliixig  eJse«  all  supposed  lo  be  of  his  own  iineiiiioQ»  and  probsLbly 
all  cqizallj  bad.  Then  we  got  toto  a  slate  in  wtudi  ererj  maker  made 
ettlier  a  Totn  dfnanso  or  a  Dick  dvnamo  or  a  Harry  dTQamo.  If 
Tom  bad  a  dvoaiDO  wiikb  bad  tbe  anDatifre  at  tbe  bottom^  Dick  put  the 
anmlsre  at  the  top  and  stuck  his  oaine  om  iL  That  taf^entlve  ambition 
has  bcea  most  disastrous.  Everr  ©tie  tried  to  have  somethmg  caUcd 
alter  his  own  name.  All  over  tbe  Continent  there  b  a  general  tendencv 
toward.^  uniformity'  of  practice^  and  that  I  think  t^  Urgely  due  to  the 
fact  that  engineers  as  a  rule  are  not  keen  abotii  intrtjducing  their  own 
particular  inventions,  and  having  thing:»  called  after  their  own  name^ 
The  plant  is  generally  known  by  the  name  of  tlic  timi  only,  ;ind  tl»c 
engineers  are  simply  anxious  to  have  the  best  thing  that  they  can, 
whether  it  is  their  own  invention  or  not.  That  sort  of  system  may  tend 
away  from  originality,  and  probably  on  the  Continent  there  is  less 
originality  in  invention  than  in  England,  but  :is  the  foreign  engineer 
can  see  the  inventions  of  everybody  else,  he  has  an  opportunity  af 
combining  all  the  best  ideas  of  every  nation,  so  that  he  naturally  gets 
very  good  machinery.  That,  I  think,  is  one  reason  why  both  the 
German*  and  the  Swiss  have  gone  ahead  of  us,  I  do  not  say  generally, 
but  in  many  ways.  Another  departure  from  our  practice  which  is  div 
played  abroad  is  that  they  generally  sacrifice  electrical  efficiency'  to 
cheapness  and  mechanical  strength*  Now  mechanic^  strength  is  not 
necessarily  opposed  to  electrical  efficiency,  but  I  think  li  you  investigate 
the  electrical  and  mechanical  efficiency  of  many  of  the  dynamos  on  the 
Continent,  you  will  find  them  so  far  behind  that*  if  you  could  realh 
know  and  work  out  the  extra  cost  of  running  them,  you  would  lind  that 
they  were  very  expensive  machines  indeed  in  the  long  run,  but  i\ui 
ihcy  do  not  often  break  down. 

Another  fundamental  difference  is  not  perhaps  electrical,  but  com* 
mercial.  You  will  see  it  throughout  the  Continent,  but  espcciallv,  per- 
haps, in  Germany*  In  England  the  owner  of  a  works  considers  it  a 
tVA^iy  thing  which  must  be  put  into  some  dirty  corner  of  the  toun 
where  it  will  bo  among  smoke  and  surrounded  with  mud*  and  so  on. 
He  looks  upon  the  works  simply  as  j^omethini;  which  brings  him  in  so 
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111  at  h  a  j-tar.  He  takx^s  no  workman's  pridv  in  hii>  work?  :  ht  docs  not  Hf 
csirc  whether  they  l<x»k  nice  or  not  That  ptThaps  is  not  so  nioch  the 
case  u-ith  regard  to  electrical  engineertrig  in  Kni^land  as  it  is  in  other 
branches  ol  manufacture.  Now.  on  the  Contineot,  you  notice  that  Ihc 
ow'ner's,  or  at  any  rate  the  manager '5»  Iious*:-  is  probably  on  the  wx»rks. 
The  whole  place  is  btatitrfully  kept  and  quite  clean,  and  probmbly  m 
the  ^-ard  3'ou  will  fmd  a  garden  and  a  founlaiii  pla>ing.  That  may  seem 
a  little  exaggerated  to  ns^  but  the  ^me  principle  is  onried  right 
throughoiit  the  work^.  I  have  been  aver  a  great  many  works  in 
Germany  and  Swilxerland,  and  I  ha^-e  only  seen  one  equal  to  ours  in 
dirtiness  and  untidiness.  In  America  also  there  is  a  perfect  system  of 
order  and  cleanliness,  U  is  not  only  a  mutter  of  expense  ;  it  mean?-  that 
ii  you  keep  the  works  perfectly  clean  and  tidy,  and  have  everx-thnig 
comfortable,  the  men  will  take  a  pride  in  their  work,  and  do  it  better, 
and  feel  more  interest  in  it.  and  are  not  *o  anxio\ii>  to  get  home. 

Another  difference  we  ought  to  remember  is  that  the  Trades  L'tiion^ 
ill  mo^t  of  the  countriciJ  are  not  so  strong  as  they  are  here.  I  have 
employed  both  French  and  American  workmen^  and  in  both  cases  1 
found  they  were  broadly  divided  into  ver>'  different  classes*  one  was  very 
urtintelligent,  and  the  other  very  sharp,  able  men,  who  were  really 
scientihc  people  as  well  as  workmen.  We  do  not  get  that  ^^ort  of  dis- 
tinction here*  The  Trades  Unions  tend  to  level  down  all  our  work- 
mcfi :  the  old  milKvriglUs  were  something  like  the  ?tuperior  chiss  of  ' 
Continental  workmen,  but  now  there  is  nothing  like  this  latter  class 
here.  Then  there  is  another  point  which  influences  tiling's  very  much, 
aifid  that  is  the  law*  of  electric  lighting  in  this  country  and  abroad*  I  do 
not  know  very  nmch  about  the  Continental  laws*  hut  the  general  prin- 
ciple is,  I  think,  that  the  local  authorities  give  concessions  over  a  cerhiin 
number  of  years,  and  the  industry  is  less  hampered. 

The  question  of  finance  is  also  different.  Enterprises  in  Germany, 
for  example,  are  generally  financed  in  a  way  which  is  quite  unusual 
ifi  England,  namely,  by  Banks,  We  look  upon  a  Bank  iti  England  as 
a  place  where  you  put  so  much  money  for  drawing  cheques,  which  are 
more  convenient  than  Post  Office  orders ;  but  a  Bank  abroad  is  a 
%pccabUvc  concern,  which  supports  enterprises.  It  does  not  lend 
money  only  on  mortgages  and  so  on,  but  it  takes  up  industrial  enter- 
pri<e>*  The  Limited  Company  does  not  flourish  to  the  same  extent, 
hut  the  Bank,  with  solid  advisers  at  its  back,  makes  a  very  much 
nder  means  of  carrying  out  industrial  enterprises.  That  tsa  system 
.     r  wu  want  very  much. 

*iJiothcr  thing  about  Continental  works  which  is  very  important  is 
the  difference  in  the  way  of  developing.  Some  bacteria  and  other 
orgsmi^ms,  as  wc  know,  multiply  by  fission.  You  will  fuid  that  the 
Continental  works  do  the  same,  Messrs,  Siemens,  for  instance,  have  ,i 
works  in  England  which  is  a  branch  of  Siemenit  &  Halskc*  You  wnll 
6i)d  that  Siemens  &  Kalske  have  started  w^orks  in  Germany  and  in  other 
places  one  after  the  other,  Gan^  have  done  the  i^^me  tiling  exactly, 
t-  3 1  Schneiders  and  Helios,  and  they  do  a  great  deal  of  work  in 
pAf  ticular  countneSf  such  as  Italy.  The  Allgemeine  and  Brown,  Boven 
m  th«  ^me  way  ha\*e  manufacturing  places  in  different  countries,  and 
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they  gradually  spread  in  that  way.  That  is  a  course  which  we  do  not 
pursue  in  England,  but  it  is  one  we  ought  to  pursue,  especially  as  we 
have  generally  more  chance  of  getting  capital  in  this  country  than  they 
have  abroad. 

Finally,  I  would  like  to  protest  against  expressions  of  astonishment 
at  a  railway  running  down  hill  with  a  motor.  I  think  it  show^  an  absolute 
want  of  grasp  of  the  nature  of  electrical  appliances  to  utter  such  a 
sentiment  as  that.  If  a  motor  has  sufficient  torque  to  pull  you  up  a  hill, 
surely  it  has  sufficient  torque  to  take  up  the  less  power  in  going  down 
hill.    A  magnetic  pull  is  as  real  as  the  pull  of  a  bar  of  metal. 

Mr.  R.  P.  Sellox  :  I  beg  to  move  that  the  discussion  be  now 
adjourned  to  the  next  meeting  of  the  Institution,  as  there  are  probably 
many  here  who  would  like  the  discussion  to  be  continued  for  another 
evening. 

The  resolution  was  agreed  to. 

The  President  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  duly  elected  : — 

Member : 
Timothy  Howard. 

Associate  Members : 


Matthew  Atkinson  Adam. 
Frederick  Black. 
John  Carlos  Calastreme. 
John  Edward  Donoghue. 
Seton  George  Legge  Eustace. 
Heber  Davie  Evans. 
Herbert  Henry  Edward  Heath. 
William  James  Adam   Edward 
Home. 


Henry  Robert  Low. 

Frank  Pickering. 

Percy  W.  Sankey. 

Harry  Snowdon. 

George  Senior  Wallace. 

John  William  Francis  Warren. 

Harold  Babington  Whitmee. 

James  Ashe  Windham. 

William  Richard  W^ynne. 


Foreign  Members : 

Francis  Bacon  Crocker. 
Antonio  De  La  Mora. 


Associates  : 


I 


Hubert  George  Alder. 

William  Robb  Barclay. 

Joseph  Beattie. 

Douglas  Constantine  Bchrcnd 

Alfred  Sydney  Blundell. 

James  Brown. 

Sydney  Dale. 

David  Gill,  C.B.,  F.R.S. 

Harold  Griffiths. 

4]fr«d  Richard  Hakoumoff. 

Norman  Charles 


Ernst  Olaf  Henrici. 

Henry  Hercules  Hodd. 

John  Frederick  Wood  Hooper. 

William  George  Hull, 

George  Gilbert  Jobbins. 

John  Thompson  Mertens. 

T.  F.  Santonna* 

Cromwell  John  Ernest  Walker. 

Lancelot  WiUiam  Wild 

John  Moseley  Williams. 

Woodfin. 
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Siudrnh : 


Charles  Francis  Aiidcr^on. 
Richurd  Fbtt  Avcnx 
John  All  red  Balbrd. 
j\rnold  WilJiam  Bartlctl. 
Frederic  Chark-s  Baumann. 
John  Dutton  Billiitgion, 
Gecirge  J.  Bish. 
Richard     Ponsonhv      Blctiner 

hn&sclt. 
Benjamin  Ewart  Briggs, 
Gomrr  Bertram  Darie^, 
Leslie  Herbert  Davies. 
Hftbtrt  Charles  Dear. 
\\*UiJam  All  wood  Dutton. 
Ckmcnt  L.  Faunlhorpc. 
Kobc-rt  Fisher, 
Williani  Alfred  Fitzgerald. 
Harold  Frodsliam. 
Thoma-.  G;4rnctr. 
John  Alfred  Gitfitlan. 
HuHbcrl  Arnold  Green. 
Hctirv'  Heu-shaw  Bailey  Grundy 
Ernest  Charles  Hand  cock 
Lion€l  James  Bur^vtall  Hannan. 
Fielder  J,  Hiss,  Jun, 
George  Hcdley  Hunt. 

VViliiam  Svdne 


Waller  John  |cffm\ 

Bernard  C>Til  Johnson. 

Charles  Richard  Kemp. 

Ewen  McKinrion  Kerr, 

Alec  Arthur  Kift. 

Thomas  Henry  Langford, 

Philip  Alfred  Laubach, 

Arthur  Henry  Lai^Tencc 

Edw-ard  Lea. 

Edu^rd  Stephen  Luyks, 

Brian  Harx)!d  Morphy. 

Hugh  Fletcher  Moulton. 

Leonard  Mttrphy. 

Mafcolm  Parker, 

Richard  Lloyd  Pearson. 

Fred  Pritchard. 

Fredenck  Robert  Charles  Rouse* 

Grout  Benjaniin  Dickson  Croft 

Saw* 
HanT  Se\\*ard* 
James  Edmund  Starkic. 
Carl  Percival  Hugosson  Tamm. 
Frank  Tidman, 
Tlicophilus  Henry  Vigor. 
Percy  Webberlev- 
Piers  Acton  Eliot  War  burl  on. 
y  Wright. 
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240.     VOTE   OF  CONDOLENCE  WITH    MRS.   HUGHES.      [Jan.  26th, 

The  Three  Hundred  and  Fortieth  Ordinary  General  Meeting 
of  the  Institution  was  held  at  the  Institution  of  Civil 
Engineers,  Great  George  Street,  Westminster,  on  Thurs- 
day evening,  January  25th,  1900,  Professor  SiLVANUS 
P.  Thompson,  F.R.S.,  President,  in  the  Chair. 

The   President  :   Gentlemen,  before  the  minutes  are 
read,  we  have  a  very  sorrowful  duty  thrust  upon  us  by  the 
sad  loss  which  the  Institution  has  sustained  in  the  death  of  its 
Past-President,  Professor  Hughes.   In  making  this  announce- 
ment formally  from  the  chair,  I  feel  a  very  deep  sense  of 
personal  loss  in  the  removal  of  one  whom  I  have  known 
for  so  long,  who  had  the  interests  of  this  Institution  so 
thoroughly  at  heart,  who  never  missed  a  Council  Meeting  if 
he  could  help;  one  who  was  continually  with  us,  and 'was 
himself  a  very  earnest  and  sincere  worker,  interested  in  all 
our  proceedings.     I  need  not  recount  theT*Miy  claims  upon 
us  that  are  indissolubly  associated  with  the  name  of  Professor 
Hughes.     His  fame  as  an  electrician  is  world-wide.     His 
career  began,  more  than  thirty  years  ago,  with  the  invention 
of  the  printing  telegraph,  which  brought  him  into  relations 
with  the  Postal  departments  of  every  civilised  country,  which 
brought  him  recognition  as  a  scientific  man,  and  which  also 
brought  him  official  recognition  and  official  honours  from 
every  Government  in  Europe,  except  only  from  that  of  this 
country.     His  success  with  the  type-printing  telegraph  was 
followed  afterwards  by  those  remarkable  researches  of  his 
which  led  him  to  the  invention  of  the  microphone,  and, 
after  the  microphone,  of  the  sonometer  and  the  induction 
balance  ;    and  after   the   induction   balance  the   magnetic 
balance,   and   then   still   later   that    piece   of  work  which 
remained   for  so   long   unknown,  when   he  succeeded   in 
sending  over  more  than  200  yards  definite  signals  without 
any  wires,  by  a   process  which  we   have  every  reason  to 
believe   is  practically   identical   with   that   followed  in  the 
more     recently    discovered    wireless     telegraphy.      These 
achievements  of  Professor  Hughes  placed  him  in  the  first  rank 
of  pioneers  in  electrical  work.     He  was  our  President,  and 
as  President   some  thirteen  years    ago  he  gave  us  a  very 
remarkable  address,  which   had   the  effect  of  producing  a 
'  number  of  researches  on  the  subject  of  self- 
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mdactian  whidi  gneaHy  advanced  our  knou  ied|^  of  that 
subject.  It  wzs^  perfaaps,  one  of  ibc  most  imiarkable 
presidential  addresses  to  wbich  we  have  e\*er  listened. 
Since  then  be  read  a  paper  to  u:^  on  the  use  ol  oil  in  insu- 
lalicinp  and  he  oocasiooally  took  part  in  the  discu^isioiis  in 
this  room.  Wc  never  listened  to  him  without  feeling  that 
he  had  i^mething  to  say,  and  that  whatever  he  had  to  say 
ViTaks  wurlh  heanng.  Those  of  us— and  there  are  many  ol 
us— who  enjoyed  his  persona!  acquanitance  and  friendship 
kniHv  i^hat  a  very  true-hearted  friend  he  was,  1  therefore, 
with  tli!2i  deep  consciousness  that  we  have  lost  one  with 
whom  it  will  ever  have  been  aji  honour  to  be  associated, 
niove  that  a  vote  of  condolence  and  sympathy  with  Mrs. 
Hughes  be  passed  by  tins  meeting, 

**That  this  meeting  of  the  Institution  of  Electrical 
Engineers  hereby  expresses  its  deep  sense  of  the  loss 
sustained  in  the  decease  of  its  Fast- President,  Professor 
D,  E,  Hughes,  F,R,S,,  and  tenders  to  Mrs.  Hughes  the  ex- 
pression of  its  condolence  and  its  most  sincere  sympathy-*' 

Major-General  Webber  :  A  veiT  conspicuous  figure  and 
a  vcfy  distinguished  member  of  this  I  nstitulion  has,  as  you 
know,  disappeared  in  the  last  few  days  from  our  ranks. 
Some  of  us  remember  him  for  many  years  as  sitting  at  this 
table,  and  as  speaking  to  us  and  giving  to  us  the  results  of 
his  experience  in  connection  with  his  many  inventions,  1 
remember  an  incident  in  his  life  when  he  and  1  were  at 
Berlin  together  in  i866.  (I  was  at  the  time  examining  the 
-ysiem  at  the  central  telegraph  station  there),  and  he  was 
abo  in  daily  attendance,  making  experiments  with,  and  teach- 
ing the  staff  at  Berlin,  the  use  of  his  type-printing  telegraph* 
1  well  remeniher,  when  finally  it  was  passed  on  behalf  of 
the  Prussian  Government  by  General  V^on  Chauven,  the 
Director  of  Telegraphs,  when  Professor  Hughes  (he  was 
tJien  Mr,  Hughes)  was  paid  in  cash  a  veiy  large  sum  for 
his  Prussian  patent,  he  opened  a  hand-bag  and  showed  it 
to  me,  as  he  left  the  offices  of  the  State  Telegrapli  Ad- 
ministration, I  believe  it  was  then  he  received  tlic  most 
%*aluable  encouragement  that  he  ever  had  us  an  inventor, 
and  laid  the  foundation  for  the  large  fortune  which  after- 
wards enabled  him  to  give  his  time  to  research. 

I   beg  to  second  the  motion  which  our   President  has 
brought  before  us,  that  a  vote  of  condolence  and  sympathy 
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on  the  occasion  of  her  sad  loss,  be  passed  by  this  meeting 
and  be  sent  to  Mrs.  Hughes. 

The  resolution  was  put  and  carried,  all  the  members 
rising  in  their  places. 

The  President  :  I  have  a  letter  from  the  executors  of 
the  late  Professor  Hu<^hes,  dated  to-day,  stating  the  arrange- 
ments made  for  ihe  funeral  :  **The  funeral  of  the  late  Prof. 
D.  E.  Hughes,  K.R.S.,  etc.,  will  take  place  on  Saturday  next, 
the  27th  inst.,  at  Highgate  Cemetery  at  noon."  "A  special  ser- 
vice will  be  held  in  All  Souls'  Church,  Langham  Place,  close 
to  the  Langham  Hotel,  at  the  top  of  Regent  Street,  at  10.45 
o'clock  on  Saturday  morning,  at  which  we  hope  yourself  or 
some  other  representative  of  your  Society  may  be  present.-' 
I  may  add  that  the  Council  has,  at  its  meeting  just  held 
downstairs,  arranged  to  be  officially  represented  both  at  the 
service  at  All  Souls'  Church  at  10.45  ^"^  ^^  ^^^  ceremony  of 
the  funeral  at  noon  in  the  Highgate  Cemetery.  We  under- 
stand that  it  will  be  a  gratification  to  Mrs.  Hughes  if  all  or 
any  of  those  present,  who  knew  Professor  Hughes,  were 
able  to  attend  either  the  ceremony  in  the  church  or  the 
interment  at  the  cemetery. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
January  nth,  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the  Insti- 
tution were  announced,  and  ordered  to  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council  : — 

From  the  class  of  Associate  Members  to  that  of 
Members — 

Charles  Frederic  Hevwood. 


From   the    class    of  Associates    to 
Members — 


that    of  Associate 


Charles  Claremont  Atchison. 
Thomas  P.  E.  Butt. 
John  George  Freeman. 


Alfred  H.  Irvine  Graliam. 

Frank  Hewer. 

Arthur  Maitland  Keays. 
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From  the  class  of  Studifnt^  to  that  of  Associates — 
Wilfred  Bi^k^  Clcevcs, 

Messrs.  Xornian  Smith  and  H.  D.  Hodgen  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 

The  Secret AKY  read  the  following  hst  of  Officers  and 
Committees  which  had  been  elected  by  the  new  local 
sections  in  DubUn  and  Glasgow  lespectively  : — 

OFFtcHit:»  AKU  Co^rMinKK  OF  THK  Dltbun  Lcm:al  Section'. 

Chasnttatt — ^ Professor  G.  V.  Fitzgerald,  F.K.S. 
Vicc-Cfitiirman — ^^Colonel  C*  1*".  C,  Keresturd,  K.E. 


Commiikw 


Professor  W.  F.  Barrett. 

C.  r.  C*  Cummins. 
R.  Humphries, 
M:  C.  Olsson. 


G.  F.  Pilditch. 
A.  E,  Porte. 
M.  Ruddle. 
H,  S.  Sheardown. 


Hon,  Stcnta ty—  F.  t }i 1 1. 

Officebs  akd  CoMsnjTiie  of  THii:  Glasgow  Local  Skctiok. 

ChHirman—Thv  Rt,  Hon.  Lord  Kelvin.  G.C.V.O..  F.R.S. 
I *ice-Ch at rm an — P rof essor  M ; ign u s  Mac le an ,  D. Sc, 


Commiik 


W,  A.  Ch^men. 
Professor  A*  Jamieson. 
W.  \\\  Lachie. 
H,  A,  Mavor, 


j.  M.  M.  Munro. 
W.  B.  Savers. 
F.  I'eague* 
1\  Young. 


Ha**  Srfrrdtin'^-- Professor  \V,  IL  WatJcinson. 

Tlie  President  :  We  will  now  resume  the  discussion  on 
the  Report  of  the  Swiss  Visit  Cotnmittee. 

Mr.  S,  2.  DE  FEkRAXTi:  The  piincipal  thing  that  struck  me  ^^ith   ■ 

regp^rd  to  the  Swiss  visit  was  the  gre;it  facility  for  doing  all  surts  ol  elec* 

■ical  work  on  a  Urge  scale  in  hvvit/ertand.     U  was  not  merely  the  faet 

>\  their  having  v^^^iter- power  uvailahle,  but  the  customs  of  the  country 

seemed  to  enahJe  the  people,  or  groups  of  people,  to  carry  out  without 

Coo  niucti  ali^trucUon  very  eonsiderahle  works,  moist  beneficial  lo  I  he 

country  and  to  the  development  of  the  electrical  indu^lr3^    This  blruck 

me  more  tlion  the  iustalialions  wliich  we  siw,  and  it  made  me  very 

miMrli  regret  itiat  we  did  not  in  this  country  seem  to  have  that  desire  for 

«aiclhing  otw  ;uid  for  going  forward  and  iestitig  on  ;i  prActvcd  ^c%\c 
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Mr.  FcrraaCL  all  thc  advantage>  of  a  great  electrical  business  in  the  way  in  which  the 
smaller  country  of  Switzerland  seemed  to  do.  The  tendency  seemed  to 
be  for  everybody  there  to  help  everybody  else  to  advance  in  the  great 
industry  :  and  even  more  striking  than  this  was  the  contrast  between 
that  and  the  terrible  obstruction  with  which  anything  new  in  this 
countr\'  irj  met.  There  are  so  many  vested  interests,  there  are  so  many 
people  whom  it  is  the  business  of  the  whole  country-  to  protect,  that  the 
country  at  large  >uffers  very  much.  The  result  is  that  we  are  in  the 
unfortunate  position  of  seeing  Switzerland  in  many  ways  far  brtter 
developed  in  the  new  electrical  business  than  we  are  at  home.  We  have 
almost  unlimited  quantities  of  ver\'  cheap  coal,  and  many  good  supplies 
of  ga>  :  in  fact,  a  good  gas  supply  to  almost  ever\-  centre  of  population 
in  thc  country.  They,  on  the  other  hand,  have  dear  coal,  and 
plentiful  water-power  which  is  easily  developed  in  many,  but  not  in 
all,  case>.  I  do  not  sec  that  this  puts  us  at  any  very  great  disadvan- 
tage. The  fault  in  this  country  is  the  general  obstruction  to  anything 
new. 

With  regard  to  some  of  the  details  of  the  work  that  we  saw  in 
Switzerland,  1   was  ver>-  much   impressed  with  some  of   the  central 
stations.     Take  that  admirable  pow*er-house  at  Spiez  for  running  the 
Burgdorf-Thun  Railway.     The  generating  part  of  the  work  with  tur- 
bines and  multiphase  dynamos  was  as  good  as  it  w*as  possible  to  be  ;  but 
the  switching  arrangements  seemed  to  me  to  be  exceedingly  complicated. 
The  mere  handling  of  machines  and  the  switching  and  regulation  were 
in  themselves  a  very  big  problem  ;   but  in  addition  to  these,  there  were 
the  step-up  transformers  and  all  the  connections  of  thc  lines  and  the 
arrangements  for  securing  safety  and  working  the  system  generally. 
The  greatest  defect  attached  to  the  system  which  we  saw  there  was,  to 
my  mind,  the  compUcation  involved  in  the  apparatus  connected  with  it. 
A  few  days  ago,  at  Manchester,  I  called  attention  to  the  very  great 
expense  and  complication  involved  in  such  an  installation  as  that  at 
Glasgow,  where,  in  order  to  save  copper  and  get  the  advantages  of  the 
multiphase  system  for  supplying  the  tramways  all  over  the  town,  an 
immense  amount  of  complicated  apparatus  had  to  be  used.     I  do  not 
say  that  it  is  altogether  bad,  but  that,  at  present,  all  these  appendages  to 
thc  main  part  of  thc  system  are  exceedingly  costly,  and  that  the  direc- 
tion for  improvement,  so  far  as  one  can  see,  lies  principally  in  the 
simplification  of  these  appendages.    The  idea  is  good,  and  the  results 
achieved  arc  excellent,  but  there  is  unfortunately  an  intermediate  stage 
which  is  very  costly  and  complicated,  and  if  it  is  possible  to  reduce  the 
complication  and  thc  expense  and  simplify  thc  matter  greatly  we  shall 
b(!  in  a  much  better  position  from  thc  point  of  view  of  electrical  distri- 
bution over  large  areas. 

Mr.  K.  KiLBUKX  Scott  :  The  first  locomotives  put  into  use  on  thc 
Jungfrau  railway  were  built  at  the  famous  Winterthur  Works  and 
equipped  electrically  by  Messrs.  Brown,  Boveri  &  Co.  Each  locomo- 
tive lias  two  motors,  each  giving  150  h.p.  at  760  revolutions.  There 
is  one  resistance  for  the  two  motors,  current  being  collected  by  four 
trolley  poles. 

Th^  Oerlikon  Company  have  recently  supplied  three  more  locomo- 


Mr.  Killnirn 
Scott. 
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taves  of  greater  power,  «ach  of  the  matat%  gtva^g  mm  h^-  m  ^- 
rrrolstkni^    Corrent  ts  cottected  br  two  ^roov«d  ^dt^  contact  - 
to  tbost  geonlhr  tmed  ia  crane  work.    In  tbr  «?e»tr€  oi  each  .. 
jtflr  ts  the  rack  fnioB  laving  teeth  4  iti,  pit^  and  2|  in.  broad     Thc^ 
|ilsikn>5  are  gI  alanHMiipin  braose,  and*  forming  aa  extcnsior'   nn  ^  r  her 
side,  arr  two  groove  bnUse-wbc^  cm  nHiich  work  eigbi  Uto:  n 

the  latter  being  actuated  hy  toro  handles  (one  for  each  dn\^t  .x  ^*i€t 
rcsenroir  is  prcycided,  fram  wfaicb  pip^  are  t^eea  down  to  the  groo^vtd 
i  lor  the  parpens  of  cooliiig  them.  There  is  bXso  a  ticharaiiQr  tf> 
\  to  the  drivers  the  i^ieed  of  tte  motor  ^haft  The  total  wek0tlt 
of  the  locomodTe  compjrlr  is  17  ions,  or  5  toDs  heavier  than  the  lirset 
locomotives  i  of  this  each  motor  weighs  abot^t  2  tons,  and  tbe  ccyver  ]| 
Ions.  Half  the  weight  of  the  fmss^tigct^x  rests  on  the  kccMBKVtm^  t» 
obtain  greater  adbesion  aiid  give  saletr  in  working.  There  are  sef^arale 
resistances  for  each  mot  or «  and  it  may  be  noted  that  at  preseni  they  Art 
used  not  only  for  starting,  but  aJso  for  absorbing  current  whea  th* 
looODiOtivc  h  on  the  descent.  The  motors  are  alwavs  left  in  circuit  so 
as  to  secwre  the  automatic  braking  action,  and  any  extra  ctirrent  is  taken 
by  the  resistance,  thiis  gi%'ing  the  generators  a  nearly  even  load.  Wlien 
there  is  sufficient  traffic  on  the  !me  the  descending  locomotives  will 
pomp  back  current  to  the  line  and  so  help  the  ascending  cars.  At 
present  this  is  not  quite  feasible  because  of  the  irregiUar  tmfl&c,  tbere 
being  sometimes  a  locomotiie  descending  whilst  the  one  goiftg  np  is 
standing  at  a  station.  It  may  be  mentiotiedthat  on  the  25  per  ornl,  grade 
the  locomotive  will  start  of  itself  without  current  For  cooling  the  recast- 
ance  wire  a  j  horse- power  motor  h  coupled  to  a  fan  immediate ty  below 
the  coUs. 

\\lien  the  locomotive  is  exacdy  between  the  two  transformer  stations 
(which  are  2,000  or  hooo  metres  apart,  according  as  the  gradient  is  uf 
per  cent,  or  35  per  cent.)  there  is  a  drop  of  about  u  per  cent*  in  the 
voltage.  The  locomotive  is  then  obtaining  half  its  current  from  the  one 
and  lialf  from  the  other  station,  whibt  the  voltmeter  registei"s  the  lowest 
%'oltage  obtainable.  As  the  locomotive  leaves  this  position  the  volts 
on  the  votlmctcr  rise  gradually  in  proportion  to  the  distance  of  the 
locomotive  to  the  transformer,  and  by  this  means  the  driver  cait 
tell  alniO!*l  exactly  the  distance  of  hi>  locomotive  from  the  nearest 
.station,  independently  of  any  landmarks  or  signals.  If  on  passing 
the  centre  point  between  two  snb*stations  the  loss  increases  above 
t^i  p«?r  centt*  the  driver  at  once  knows  that  something  is  wrong  or 
that  the  second  locomotive  is  on  the  same  section.  The  system  tlierc- 
forc  constitutes  a  perfect  block  system,  and  this  appears  to  the  speaker 
to  be  strong  argument  in  favour  of  working  the  rAiKvays  by  siib'Stations 
fitted  with  cheap  static  transformers  fairly  close  together  instead  of 
larger  !jnb-sUitions  with  rotating  machinery  at  long  intervalv 

There  are^  of  course*  the  hand  automatic  and  electric  br.ikes.  as 
reqtiircd  by  Ihc  Swiss  regulations  for  working  mountain  raihvays  but 
independently  of  these  special  brakes  the  simplicity  of  lite  gear  ami  con* 
fircfton^  i**  Very  striking.  This  can  be  at  once  seen  by  comparing  a 
diagram  uf  the  connections  of  a  lhree*phase  locomotive  with  an  ordinary 
car  wiring  diagram  as  required  for  continuotis-currcnt  motor*. 


'MMin'IiIi.       'an.  Soth. 
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the  hinder  stirrup  collects  three-pliasc  currents  while  the  front  one  is 
pa^^^ing  over  the  jimction,  and  pk€  vend.  Any  one  familiar  with  the 
pcrverscness  of  trolleys  will  recognise  the  disadvantage  oi  en j ploying 
four  trolleys  for  such  a  crossing,  with  their  inevitable  tendency  to 
jump  the  track  at  the  frogs,  and  the  great  simplification  of  the  split 
stirnip.  which,  it  properly  arranged,  cannot  cause  ^hort  circuits,  and  in 
fact  works  very  well.  When  the  car  reverses  t^ie  stirrups  automatically 
reverse,  by  raising  the  trolley  and  span  wires  until  they  have  assumed 
a  vertical  position,  and  tlien  dropping  over  into  the  reverse  position. 

Some  engineers,  after  visiting  Switzerland,  are,  I  think,  too  apt  to 
jump  to  the  conclusion  that  many  of  the  English  railways,  such  as  the 
Dublin,  Middlesbrough,  and  Central  London,  where  the  distrihulion  of 
power  to  different  parts  of  the  line  is  effected  by  three-phase  high- 
tension  currents,  might  have  been  better  equipped  with  three-phase 


FliL  A. 


inotors  Uhus  obviating  the  use  of  the  rotary  converter),  and  they  do  not 

sttflftciouUy  consider   the  great  dissimilarity  between   the    conditions 

obtaining  in  Switzerland  and  England-     A^  in  most  other  applications 

of  electricity,  so  is  it  witlj  traction  work  :  allcrnaliug-current  systems 

have  a  complete  region  of  their  own  where  their  advantages  are  para- 

Tioimt,  while  there  is  another  region  in   which   the    claims  of  the 

onttnuous-current  system  are  equally  paramount.      It  is  also  certain 

lit  no  one  can  draw  a  definite  line  of  demarcation  between  the  two, 

A  that,  on  the  other  hand,  there  is  an  ill-defined  region  where  the 

*  -  and   disadvantages  of    both   systems  overlap,   and   some 

t    .  ^tdvocate  the  adoption  of  the  one,  wiiile  others  advocate  the 

idopuon  of  the  other  system. 

I  suppose  no  one  will  question  the  advisability  of  the  adoption  of  the 
■cnc^  motor  for  such  street  railways  as  are  found  in  Leeds,  Liverpool 
dc,  where  the  area  covered  is  comparatively  small  where  generation 
^nddi^^bution  of  contin«ou^  current  at  500  volts  can  be  effecled  wjth 
I-  lomy*  and  in  fact  %vhcre  all  conditions  are  in  favour  of  a 

-cujTent  system  throughout.     This  is  the  region  where  the 
l.kim>  «4  continuous-current  sysfein^  are  paramount. 
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When  we,  however,  come  to  mountain  railways,  we  have  to  acknow- 
ledge in  most  cases  the  superior  claims  of  the  three-phase  system. 
Imagine  a  generating  station  miles  away  from  the  line,  located  just 
where  an  available  mountain  waterfall  is  to  be  found,  the  sub-stations 
far  up  among  the  mountain**  in  inaccessible  positions,  often  half  buried 
in  snow,  and  then  say  wiiat  could  be  more  suitable  than  transformers, 
requiring  no  oiling,  attendance,  starting  np,  and  switching  atiout,  but 
merely  doing  their  duty  without  attendance*  transforming  the  high- 
tension  thrce-jihase  current  to  low-tension  three*|>hase  current,  and 
supplying  the  same  to  the  trolley  wires. 

Then,  again,  since  there  are  few  branches  and  crossings,  the  over- 
head construction  is  comparatively  simple,  and  its  unsightliness  of 
small  importance.  There  are  very  few  stops  or  statious,  and  speed 
variation  is  not  ncedetl :  indeed,  many  railway  promoters  consider  an 
absolutely  constant  speed  a  great  advantage,  since,  as  long  as  his 
motor  remains  in  circuity  the  motorman  cannot  exceed  his  speed  limit 
on  the  down  gradients,  a  fact  wliich  goes  a  long  way  in  obviating 
panic  among  the  passengers  on  such  gradients  as  25  per  cent.  The 
overhead  construction  is  slightly  comphcated.  but  not  to  any  very 
large  extent,  because  there  are  not  many  branches.  If  it  is  a  little 
unsightly  it  does  not  matter  on  mountains.  There  is  no  doubt  that  is 
the  region  where  the  claims  of  the  tliree- phase  motor  are  paramount* 

Another  instance  where  the  three-phase  motor  will  be  perhaps  most 
advantageous  is  that  of  very  long  railway  lines  with  stations  far  apart, 
wlierc  practically  constant  speed  is  possible,  where  the  trolley  wires 
must  be  supplied  at  two  or  tliiH,*e  thous;iud  volts,  the  current  being 
transformed  dow^n  to  a  suitable  value  for  the  motors  by  transformers 
carried  on  each  locomotive. 

When,  however,  we  come  to  systems  like  those  of  Dublin, 
Middlesbrough,  and  Central  London,  where  the  transmission  of 
power,  it  is  true,  is  effected  by  three-phase  currents  at  high  pres- 
sure, wc  still,  in  view  of  the  variable  speed  and  frequent  stops, 
require  an  efticient  method  of  speed  control,  and  an  economical 
system  of  obtaining  great  train  accelerations,  as  is  afforded  by  the 
series- parallel  controller  in  combination  wuth  the  series  motor,  rather 
than  by  the  w^asteful  method  of  inserting  resistance  in  the  rotor  circuits. 
Again,  we  cannot  afford  to  complicate  the  overhead  construction  ;  while 
its  unsightliness  in  cities  is  a  most  objectionable  feature,  the  problem 
of  the  conduit  and  surface  contact  systems  becomes  far  more  complex, 
while  the  inaccessibility  of  the  sub-stations  can  no  longer  be  urged  as  a 
%^id  ground  against  the  use  of  rotating  machinery. 

t  will  just  take  one  instance,  viz,,  the  Central  London,  since  Mr. 
Swallow  referred  to  that  system  at  the  last  meeting.  There  are  on 
this  railway  some  thirteen  stations  in  a  length  slightly  over  six  miles 
giving  an  average  distance  of  under  half  a  mile  between  stations.  The 
average  speed  is  reckoned  at  fourteen  miles  per  hour,  whereas  the 
maximum  rises  to  over  thirty  miles  per  hour. 

If,  then,  we  draw  out  the  velocity  time  curve  along  the  route  wc 
get  a  diagram  something  like  Fig.  B.  If,  now,  at  the  maxiumm 
speed  off  say,  thirty*two  miles  the  motor  is  not  to  retard  the  locomo- 
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live,  wc  may  draw  the  hypothetical  speed  as  shown,  "m  which  case  Mr.  Fi«kL 
wc  see  that  at  every  instant  the  horse-power  being  usefully  utilised  in 
propelling  the  train,  is  to  the  horse-power  wasted  in  rotor  resistance 
m  the  ratio  of  those  portions  of  the  vertical  ordinate  below  and 
above  the  speed  curve  respectively.  For  example,  in  the  diagram  a 
V cortical  ordinate  has  tieen  drawn  at  time  =  220  seconds  from  start.  If 
at  this  instant  we  represent  the  useful  work  being  done  by  motors 
as  the  length  of  the  line  d  b,  then  6  c  will  similarly  represent  the  Jost 
power  in  the  rotor  circuits.  Bearing  this  in  mind,  compare  the 
case  of  the  Central  London  with  that  of  a  mountain  railway,  where  a 
constant  speed  is  maintained  tietween  stations  very  far  apart,  and  hence 
where  the  acceleration  demands  an  insignificant  portion  of  the  total 
energy-  required  for  propulsion  of  the  train  between  two  stations,  A 
glance  at  the  proportions  of  area  above  and  below  llie  speed  curve  in 
the  I  wo  cases  will  suffice   to  show  that,   however  advantageous  the 
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filfcc-phasc  system  may  be  for  mountain  railways^  we  certainly  cannot 
apply  the  self-same  arguments  in  the  case  of  the  Central  London. 

Before  jumping  to  the  conclusion  that  the  three*phase  system  is 
even  the  best  for  the  Burgdorf-Thyn  railway,  let  us  consider  the 
altematiTC  that  lay  Ijefore  Messrs.  Brown,  Boveri*  who  equipped  the 
line. 

We  must  not  lose  sight  of  the  fact  that  they  had  nai  developed  the 

*^es  motor,  and  the  series-parallel  controller^  with  all  the  accessory 

ontinoous -current    railway  apparatus,   for  years   past  t   whereas  the 

iiirce-phiise  motor  had  been   their  chief  speciality.     While  with  the 

thrrc-phase  motor  they  were  probably  in  advance  of  everybody  the 

world   over,  they  were   in   ordinary  small   continuous-current 

^  and  dynamos  certainly  behind  the  standard  American  practice, 

let  atone  the  special  line  of  continuous-current  railway  material.     On 

the  one  hand  they  were  absolutely  sure  of  success  if  they  adopted  the 

three-phase  motor  ;  on  the  other  hand,  lo  have  adopted  the  series  motor 

wniikf  have  entailed  an  almost  completely  new  departure  on  their  part  : 

^nd  I  can  imagine  that  these  aloue,  and  apart  from  all  other  reasons^ 

W0it\d  have  be«n  sttfftcient  to  warrant  the  dedsign  in  favour  ol  Ihte^. 
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phase  motors.  If,  on  the  other  hand,  they  had  developed  the  series  motor 
and  accessory  apparatus  through  years  of  experience,  and  brought  it  to 
the  same  state  of  perfection  that  American  practice  has,  we  should  not 
have  been  very  surprised  to  see  Messrs.  Brown,  Boveri  adopting  rotary 
converters  on  the  Burgdorf-Thun  line.  I  consider  the  case  for  the 
three-phase  motor  far  from  proved.  What  we  really  need  are  figures 
of  B.T.U.  per  ton  mile,  measured  at  the  train  and  in  the  generating 
station,  before  the  matter  can  be  accurately  discussed. 

[Commufjiiated.'] — In  railways  such  as  the  Central  London,  where 
the  runs  are  very  short,  and  rapid  accelerations  essential,  too  much 
attention  cannot  be  paid  to  the  shape  of  the  velocity-time  curves. 
Clearly  the  area  of  the  curve  represents  space  passed  through,  con- 
sequently we  see  that  there  are  any  number  of  ways  in  which  the  same 
space  may  be  covered  in  tiie  same  time,  it  being  only  necessary  to 
make  the  area  of  each  velocity-time  curve  the  same. 

For  example,  in  Fig.  C  each  of  the  three  curves  includes  the  same 
area,  and  hence  represents  tlie  same  space  passed  over  in  the  ;>ame 
time.  The  initial  acceleration  and  time  occupied  in  accelerating  i>, 
however,  different  in  each  case,  and  we  see  that  the  greater  the  initial 
acceleration  and  the  shorter  the  time  occupied  therefor,  the  smaller 
will  be  the  velocity  of  the  train  when  the  brakes  must  be  applied.  The 
two  extreme  cases  would  be  :  ist,  where  the  acceleration  was  extremely 
rapid,  so  that  the  train  would  be  coasting  a  great  part  of  the  journey, 
and  the  final  velocity  when  the  brakes  were  applied  would  be  very 
small ;  2nd,  where  the  acceleration  was  more  or  less  constant  up  to  the 
time  when  the  brakes  would  have  to  be  applied  These  would  then  be 
applied  when  the  train  was  at  its  maximum  velocity,  and  since  the 
energy  absorbed  is  proportional  to  the  square  of  the  velocity,  this 
would  manifestly  be  a  very  inefficient  procedure.  The  tendency  is, 
therefore,  to  obtain  very  great  accelerations,  coast  a  large  proportion  of 
the  run,  and  thus  reduce  as  far  as  possible  the  final  velocity  when  the 
brakes  are  applied.  Of  course,  the  acceleration  cannot  be  increased 
indefinitely  for  other  reasons,  such  as  passengers'  comfort,  power  of 
motors,  etc.,  but  still  the  consideration  is  of  utmost  importance.  As  a 
result,  we  find  that  the  train  is  being  accelerated  more  or  less  uniformly 
for  from  i  to  i  tiie  journey  in  which  time  it  reaches  its  maximum 
velocity,  the  current  is  then  instantly  cut  off,  and  the  remainder  of 
the  run  is  occupied  with  coasting.  The  train  consequently  only  runs 
at  its  maximum  velocity  for  one  instant,  and  never  maintains  this  for 
any  length  of  time.  Now  during  a  great  part  of  the  time  taken  for 
acceleration,  series  motors,  if  employed,  would  be  in  one  or  other  of 
their  *'  running  "  combinations,  that  is,  with  all  resistance  cut  out,  and 
would  therefore  constitute  a  fairly  efficient  arrangement.  A  three- 
phase  motor,  on  the  other  hand,  would  only  be  working  with  anything 
like  a  reasonable  efficiency  for  one  short  instant  between  two  successive 
stations,  viz.,  when  the  train  was  running  at  its  ma.\imum  velocity  ; 
and  until  an  efiicient  variable  speed  motor  or  reliable  variable  gear  has 
been  introduced  which  can  be  handled  as  readily  as  an  ordinary  series- 
parallel  controller,  the  series  motor  will  undoubtedly  outrival  the  three- 
pliHbe  motor  for  buch  railways. 
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Mr.  A.  E.  LeviK :  Mr>  Hsditmond  at  lbs  bst  ttiecCii^s«g||e9led  lltat  »  UtAjrtim 
few  data  as  to  the  cost  of  tbe  kiloiiralt-hfifir  in  ift^cr-|io«rifr  statioti^  in 
Switzerland  would  be  of  intercut.  tL  is  a  little  dMBcalt  to  give  tlie  cost 
per  IdJonimtt-hour,  for  the  simple  reason  that  %*efy  rareJy  indeed  is  the 
charge  made  for  po^'er  by  oietcn  In  Zurich,  and  a  few  other  large 
l^jwni  %^heic  the  load  is  principally  lor  h^htin^  and  ?ht  cotidjlion* 
apfiffi3(iina|i.\  more  or  les^  tn  the  hghlinj^  circuilxfif  irwir  cilics  mctcfi. 
aie  employed,  byt  in  all  other  c:i>cs  I  lie  charge  »>  made  at  a  fixc*l 
rale  per  annum  rdr  r^cry  lamp  installed  or  for  cvi^ry  h.h.p,  ot 
iDotoiTx  In  tlic  casi*  of  lamps  the  charge  is  usually  JO  to  25  franco 
(tCfcs,  lo  £t)  for  a  t6-cand!e  pott-er  lamp.  This  charge  b  ^metinM^ 
tnodifiisd  in  the  case  of  lamps  in  bedrooms  which  are  seldom  used. 
Bui  the  charge  for  motors  is  perhaps  of  more  interest.  A  gniduated 
scale  is  generally  adopted  for  small  or  large  motorsw  In  the  case  of 
small  motors  the  price  will  i^arj'  usually  between  200  and  250  francs 
{£B  to  j^io)  per  annum  for  every  b,h,p*  installed-     In  the  case  of  larger 
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tnotor<i,  up  to  and  above  50  hj>.,  the  price  may  he  as  low  as  150  or  180 
francs  isay  £f*  or  ^'7)  for  every  b^h.p.  in^l ailed.  The^tc  prices  are 
t^aictl  on  factory  u^,  that  i^  to  say.  about  3,000  hours  in  the  year,  hut 
It  is  only  rarely  that  aiiy  special  conditions  are  made  for  motors 
employed  either  intermillentty  or  day  and  night.  A  very  lair  average 
may  therefore  be  taken  as  150  francs  for  3.000  h.p.  hours,  which  would 
work  out  at  5  centimes  for  al>out  JdJ  per  b.h.p.  hour-  The  b*h.p. 
fKnir.  taking  into  account  the  cfftciency  of  the  motors,  the  loss  in  the 
line  ;*nd  transformers,  will  approximately  correspond  to  t  kilowatt- 
hour  generated  in  the  power-house*  It  is  true  that  there  is  one  excep- 
ticmal  case  where  power  is  sold  for  ciirbide  prcKluction  at  ttie  low  rate 
of  60  francs  per  annum  per  b-h,p.  The  powder  is  in  this  ease  used  for 
14  honff^  a  day,  and  3^*5  diiys  a  year»  so  that  the  cost  would  work  out 
to  y^d,  per  kilowutt-hour.  But  in  this  particularly  hkippy  case  ihe 
tiiianciaJ  and  technical  conditions  were  so  favourable  that  it  nuist  not 
be  lakeii  an  at  all  typical . 
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Another  point  which  h^  het^a  very  noticeahle  among  tbe  different 
speakers  h  the  ver>^  gre:it  imprecision  that  was  miMJC  by  Ihc  tbrce-pha^ 
tract  ion  pknt  in  Switzerland.  I  must  endorse  what  Mr*  Field  has 
jli^t  said,  for  I  beliei^e  that  mnch  too  favourable  an  impression  has  been 
prod  need .  Tl  i  e  B  urgdorf -Th  u  n  rai  I  way  especially » and  of  h  er  thr ee-  phase 
traction  plants  are  seen  working  very  satisfactorily^  but  it  is,  possibh^ 
a  false  idea  to  take  away  that  therefore  the  *^ystem  is  the  best  for  all, 
or  even  tor  some,  cases.  By  dint  of  careful  workmanship  and  good 
mechanical  execution  in  general,  these  railways  are  made  to  work 
exceedingly  well,  but  I  tK-lieve  the  system  is  open  to  very  serious 
objections  inherent  in  il  and  qiiite  apart  from  any  question  of  mechanical 
design.  In  comparing  the  c oat inuous-cur rent  scries  traction  motor 
with  the  thrce*phasc  motor  there  arc  many  differences,  but  the  most 
important  lies,  perhaps,  in  the  behaviour  of  the  two  motors  when  work- 
ing under  reduced  pressure.  In  the  case  of  a  heavy  load,  when  the 
drop  of  potential  on  the  trolley  line  is  great,  the  continuous^cnrrent 
series  motor  will  run  al  a  slower  speed,  but  will  have  no  difficulty 
whatever  in  giving  its  full  torque.  The  three-phase  motor  is  limited  in  its 
torque  by  the  tension  t  in  fact  the  maximum  torque  which  can  be 
exerted  by  a  three-phase  motor  falls  off  as  the  square  of  the  pressure.  In 
designing  the  line  and  spacing  the  transformers  of  athree*phase  traction 
line  it  is  necessary  to  bear  in  mind  not  only*  or  even  chiefly,  the 
.economical  distribution  of  material  according  to  the  Thomson  law; 
balancing  interest  and  depreciation  on  copper  and  transformers  against 
the  cost  of  the  power  lost*  One  must  also  take  into  account  the  fact  that 
the  drop  of  potential  must  al  no  tin^e  become  so  heavy  that  the  motors 
will  refuse  to  do  their  work.  It  may,  and  frequently,  I  believe,  will,  arise 
that  in  order  to  prevent  the  refusal  of  the  motors  to  do  their  w;ork  a 
larger  amount  of  copper  must  be  put  into  the  lines,  or  the  transformers 
must  be  spaced  closer  together  tlian  would  be  warranted  by  questions 
of  economy  alone.  Even  granted  that  such  a  calculation  is  made,  it  is 
obvious  that  there  may  arise  contingencies  and  emergencies  snch  as 
the  breakdown  of  one  train,  requiring  two  trains  to  be  coupled 
together»  or  exceptionally  heavy  holiday  trafi&c,  when  the  load  will 
be  greater  than  was  ever  contemplated  before,  and  the  drop  of  potential 
on  the  line  may  be  too  great  and  the  motors  will  refuse  to  do  their 
work.  With  the  series  continuous-current  system,  whatever  the  load 
may  be,  whatever  contingencies  may  arise,  if  there  is  any  pressure  at  all 
on  the  line  the  motors  will  crawl  along  and  will  give  their  torque  even  if 
they  go  much  more  slowly. 

It  has  often  t>een  urged  that  a  great  advantage  of  the  three-phase 
system  lies  in  the  fact  that  a  higher  pressure  can  be  adopted.  Is 
it  quite  certain,  however,  that  the  limit  of  pressure,  with  continuous* 
current  w*orking,  has  been  reached?  Is  there  any  reason  why  con- 
tinuous-current series  motors  for  traction  workj  at  alt  events  of  60  to 
100  h. p.,  should  not  be  built  for  750  volts  quite  as  well  as  the  three- 
phase  motors  now  running  on  the  Burgdorf*Thun  line  ?  It  is  true 
that  the  Board  of  Trade  at  present  limits  the  pressure  for  continuous 
currents  to  500  volts,  but  it  also  limits  the  pressure  of  alternating 
currents  to  300,  so  that  in  either  case  we  are  above  the  limit.    The 
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allow  lis  to  go  to  mncli  b^ber  ftasmf — to 
Ihen  iiMleed  a  great  ad'fioti^  is  bod  before  ots.  A 1 
conslrtictioci  for  some  f^ears  from  Lecoo  to 
iLihr.  where  a  preisixrc  of  5/xk»  Totts  is  Do  be  tap^Joyul  tm  tiie  i 
bne.  Hessrs,  Gaaz  ft  Co^  of  Boda-Pcstb»  are  ccnsfendiag  tim  Kae, 
but  t  have  not  beafd  of  any  actual  raits  bemginade  on  iL  flhbpnes^re 
wiU  be  emploj^  tn  o<ie  motor,  wbtle  aaoiber  molor^  carried  em  Hie 
car,  wili  take  its  prir^^ne  faxxn  the  roixir  of  tbe  first,  wfaidl  wji  tbere- 
lore^  in  cettain  cases  be  employed  as  tbe  tiaii^oraer.  II  anj  iMvoar- 
able  re^tii  are  obtained  from  this  line,  a  Wfj  stroi^  case  trill  be  made 
out  for  thrt^-phase  Iraction  :  but  until  we  bcacr  more  of  that,  I  submit 
that  the  general  appli<^bilit>'  of  three-phase  traction  must  be  regarded 
at  least  as-  not  pros^en. 

Mr.  A,  F.  Trotteh  :  I  was  surprised  duriag  last  week's  discission  M'  *>^"*^ 
10  bear  gefiUemen  talking  of  lliree-phase  tractioci  on  the  Central  London 
i6dJway^  Many  of  the  objections  to  such  practice  have  ah-eady  been 
given  by  previous  speakers.  Those  who  have  studied  the  practical 
working  of  the  London  rai1\Aays,  the  City  and  South  London,  and  the 
CitT  and  Waterloo  lines^  must  sec  ttie  importance  of  the  \iiriatiun  of 
speedy,  and  the  diagram  (Fig.  B)  given  by  Mr.  Field  undoubtedly  allows 
m  fairly  well  what  will  happen  on  the  Central  London  Railway. 
Adiiioeates  of  the  three-phase  system  have  not  attempted  to  e^cpbin 
how  it  otn  possibly  he  used  economically  upon  such  a  line  as  that. 
The  three-phase  system  on  ihc  Burgdorf-Thun  line  v^-as  a  splendid 
and  most  interesting  piece  of  work,  but  economy  was  not  of  much 
importance  there,  as  we  know.  1  hope  that  those  who  are  recommend- 
ing tii*  to  adopt  the  three-phase  motors  for  such  purposes  will  suggest 
bow  it  is  possible  to  compete  iii  economy  of  working  wilh  continuous 
current- 
Mr.  Fenanti  has  spoken  about  the  complication  of  the  switching 
arrangements  in  ordinary  three-phase  station  work,  but  surely  the 
di^grain!i  which  we  have  seen  to-night  of  the  gearing  of  the  Jungfrau 
locomotive  show  the  serious  handicap  against  which  those  who  are 
using  alternating  current  have  to  struggle*  Of  course  there  are  great 
advantages^  as  we  have  heard  to-night,  for  rack  railways,  where  there  is 
•* €:ollar*work "  all  the  way  up  and  a  good>safe  brake  coming  down  ;  but 
it  doc*  seem  ttmt  there  is  room  for  a  considerable  amount  of  simplihca* 
lioti  in  the  locomotives  and  switching  gear. 

Mr.  G,  L,  ADDENBkoukE :  I  should  like  to  refer  to  two  points  *'r  'Wa<*ii 
wbidi  were  brought  forward  at  the  last  meeting,  one  by  Mr,  Swin-  "^^"^  ^' 
btiroc,  esjK'Cially  as  they  iK^ar  on  some  remarks  of  Mr.  Ferranti'^ 
to-night.  Mr.  Swinburne  spoke  of  the  development  of  clectricily  in 
Oertnany  and  Switzerland,  and  the  way  that  it  had  advuuced  in 
comparison  with  this  country,  and  he  said  that  it  would  be  desirable 
to  know  something  more  about  the  way  in  which  the  finance  lia§  been 
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worked  there,  1 1  is  a  cttriou^  fact  that»  although  a  %ery'  large  pro- 
portion of  the  lighting  in  Germany  h  done  with  capital  provided  by 
the  towns  themselves,  it  has  betrn  done  in  such  a  way  that  it  has 

actually  strengthened  ven*  much  the  electrical  profession  and  industry, 
whereas  in  this  country  it  has  been  done  in  such  a  way  that  the  reverse 
is  the  case.  The  work  in  Germany  has  been  very  largely  done  by  a 
town  first  arranging  to  carry  out  the  lighting,  and  then,  usually,  letting 
their  contract  to  one  large  fnm  with  an  arrangement  for  running  the 
wirole  for  a  ,^eries  ol  ye;irs*  That  firm  tias  then  obtained  tmancial  aid 
from  a  bank,  and  they  have  had  the  whole  thing  in  their  hands- 
That  method  of  doing  it  has  certainly  rci^ulted  in  some  very  successful 
installatiouH,  and  it  has  eIm)  led  to  the  great  German  manufacturing 
companies  iK-coming  very  powerful,  and  succeeding  better  financially 
than  their  British  competitors.  The  consequence  has  been  that  they 
have  very  large  sums  of  money  at  their  disposal,  they  are  in  touch  with 
the  finance  of  the  country^  and  it 'is  very  much  easier  to  get  electrical 
projects  of  all  sorts  carried  through  there  than  it  is  here,  quite  apart 
from  the  question  of  the  attitude  of  the  Legislature,  which  has,  without 
doubt  in  this  country,  been  most  unfortunate.  There  may  be  some- 
thing done  to  remedy  that  later  on,  but  it  has  had  a  most  detrimental 
influence. 

Then  there  was  a  point  brought  forward  by  Mr,  Hammond.  When 
you  go  to  Switzerland  and  see  the  electrical  power  distribution  there, 
the  obvious  inference  is,  if  you  liave  not  got  \^*ater- power  here  cannot 
we  do  the  same  thing  by  steam  ^  This,  however,  is  not  a  fair  inference 
to  draw,  as  the  conditions  aie  not  absolutely  the  same.  In  Switzerland 
they  liavc  very  expensive  coal,  and  water-power  at  a  very  low  price,  or 
practically  for  nothing.  There,  if  they  are  to  have  power  at  alt  it  is 
very  advantageous  for  them  to  utilise  their  water-power.  On  the 
other  hand,  in  England  we  have  cheap  coal  and  we  have  steam- 
engines.  Therefore  the  problem  is,  can  w*e  replace  steam -engines 
by  power  generated  in  a  central  station  ?  Those  two  problems 
are  different  problems,  and  if  you  do  not  want  to  have  a  financial 
wreck  it  is  very  important  to  distinguish  between  them.  It  is 
notj  as  Mr,  Hammond  put  it  on  the  last  occasion,  a  mere  question  of 
the  cost  of  coal,  tor  this  comes  in  but  to  a  very  small  degree.  When  I 
w^as  w^orking  out  the  ligures  for  the  Midland  Electrical  Corporation  I 
went  to  a  friend  in  the  City  who  was  the  engineer  of  one  of  the 
steamship  companies,  and  I  asked  him  \v\mt  were  the  figures  now 
which  were  being  used  in  the  design  and  running  of  marine  engities. 
J  said  I  did  not  want  mere  test  figures,  but  Ibc  sort  of  figures  they 
expected  to  get  on  ordinary  runs.  He  told  mc  that  his  company  w*ere 
then  building  live  steamers  in  one  contract,  and  they  were  built  on  a 
basis  that  they  should  use  1*4  lb.  of  Welsh  or  Newcastle  coal  per 
I.H.P.  hour  in  actual  running*  That  is  the  sort  of  figure  you  cannot 
very  well  get  behind »  Of  course/ii  power-stations  are  established  m 
this  country  they  will  employ  poorer  coal  than  that  and  use  rather 
more  of  it ;  but  still,  if  w*e  take  it  that  about  1,000  h.p.  hours  can  be 
got  oul  of  one  ion  of  coal,  and  that  you  can  get  one  ton  ot  coal  (except 
at  the  present  tim    when  coal  is  ^-ery  dear)  for  something  Uke  Jive 
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*Attl>n^  Ol  coiiTMT  tht*  cosl  0^  co*J  docs  tK>t  MfTjoii?Jy  affcH;!  the 
questiofi,  Nif  the  queiiion  of  ekdrical  distrihutioii  versus  i^tcam 
local  h  verv  Jirgely  one  of  capit-il  cost 

In  f  on  Mr.  HolHcby  ^  p^ipcr  I  put  in  (,scc  page  $5^  a 

UNc  d  I  he  actual  co*t  of  stc^im  pbnt  in  i^hicK  I  showed  thai  ihc  cost 
of  a  50  b*p.  -^tcam-engiae»  coniplcttf  in  every  detail,  came  to  si>iHtlhii»^ 
like  £20  per  LH.P.  If  you  put  up  a  large  central  ^t^ttioii  ^vith  dii*- 
trtbuting  maiii^  and  moton>  lo  do  the  work  of  that  :iteam-cnginc  yoii 
will  ha%-c  to  put  ill  iin  expenditure  of  £$0  ur  £tjo  jkt  B>Ll*»  of 
the  motor.  The  problem  is,  are  the  firings  yoti  tan  get  ill 
gcfierAting  steam  in  3  central  station,  and  under  betlt:i  conditions, 
siadl  a^  to  jtislify  the  differunce  in  capital  expenditure  between,  s.iy, 
£20  per  LH  J^  for  a  50  h.p..  or  ^14  per  I.H.P.  fur  a  100  h*p.  engme. 
since  the  co^t  comes  down  as  the  power  incrciiscs.  ?  Arc  the  conditioni» 
^juch  as  to  juiitify  that  extra  capital  expenditure  and  pay  interest  on  it  ? 
That  i^  a  matter  which  requires  very  careful  consideration  in  any 
po%wer  ^^heme. 

Mr,  L,  Gast^r  :  If  1  rise  to  say  a  few  words,  it  h  only  as  an  old 
pupil  of  the  Zurich  Polytechnikum.  The  Report  of  the  Cotnmitlee 
sbo'ok's  Uie  enormous  progress  which  ha^  been  made,  and  I  iihouki  like 
to  say  that  the  laboratories  in  the  Folytechnikum,  which  are  at  the 
disposal  of  the  students,  have  helped  very  greatly  to  develop  electrical 
eii|*ineering  and  the  industry  in  Switzerland.  If  you  consider  the  great 
advantage  the  Polytechnikum  derives  from  being  the  only  institution 
of  its  kind  in  Switzerland  and  from  having  a  grant  from  the  (lovern- 
meat  siifhcicnlly  large  to  cover  more  than  three-quiu  ters  of  the  total 
cspt-'nsc*v  yoti  ^tII  readily  understand  how  c.i>y  t\  is  foi'  students  to 
have  cheap  education,  and  so  to  remain  for  tbu  three  or  fcnir  ye.ir> 
whkh  »rc  necessary  to  complete  their  training.  Hence  you  htkl  thai. 
the  Swiss  engineers  are  high-class  and  educated  men,  who  have^  been 
t&ni^it  just  as  well  as  at  the  Universities,  and  have*  in  many  case^,  been 
ahle  to  obtain  the  Doctors  degree  if  they  so  chose,  I  nmy  s^Jiy  that 
the  Labours  of  Professors  Weber,  Wyssling,  and  Stodola,  of  whose 
assi^ance  the  institution  has  the  advantage*  as  well  as  the  other  pro- 
fessors, ha\^  helped  very  greatly  to  raise  the  status  of  Kngh^ecring 
Education  there* 

I  cannot  allow  this  occasion  to  pass  without  speaking  on  behalf 
(d  my  Swrs>i  colleagues  of  the  Polytechnikum,  after  he^uing  the 
wmy  in  wdich  you  have  thanked  u^  for  the  hospitality  which  yon 
€tt joyed  wtien  you  came  to  Switzerland.  I  may  s;iy  that  I  am 
lortxmat^  enough  to  live  amongst  you  in  England  and  to  enjoy  your 
(uk^taiity^  and  I  am  sure  that  when  the  Swiss  come  over  to  England, 
tbcy  will  find  the  English  as  they  are,  and  not  as  they  are  painted  by 
crtAin  Continental  journals.  They  wn  11  ftnd  also  quite  enough  work 
err  to  appreciate,  and  when  they  go  hcime  they  will  be  proud  to  have 

-     ich  colleagut^s. 
If   W,  M.  MofiDfcV  :  As  a  membtr  of  the  Swiss  Commit tct   1  am 
J  an  honour  that  I  am  not  entitled  to^practically  the  whok 
-   V  ork  was  done  by  your  President »  assisted  by  his  very  nbtr 
'  aant,  Mr.  McMillan, 
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Profc»s<>r 

Pern-. 

Mr.  Mordey 


\Ve  shall  keep  for  study  many  details  of  practice  obser\-ed,  and  we 
shall  watch  with  very  great  interest  the  development  of  the  new  things 
we  saw  during  our  vi«;it.  One  of  the  lessons  we  may  safely  learn  from 
that  vi^it  i>,  a>  I  said  speaking  on  one  of  the  occasions  when  w^e  met 
r)ur  Svvis>  ho>t>,  that  the  present  indications  incline  us  to  look  to 
Switzerland  rather  than  to  America  for  guidance  for  future  practice. 
Although  the  Americans  have  done  great  service  in  the  development  of 
eic'Clriail  engineering,  I  fear  they  are  settling  down  to  a  fixed  idea — 
that  they  have  one  duty  in  life,  viz.,  to  sell  what  happens  to  be 
American  standard  plant  at  the  time,  and  to  persuade  the  world  that 
it  i^  standard  plant  for  all  time.  This  is  having  a  prejudicial  influence 
not  only  in  America,  but  here.  We  are  preparing  to  meet  the  demand 
in  thiN  country  by  following  American  exiimples  rather  than  by  de- 
veloping what  the  Americans  would  themselves  no  doubt  like  to 
produce  if  they  could  start  with  a  free  hand.  Let  us  watch  these 
experiments  in  Switzerland,  and  wait  a  little  and  see  what  happens. 
My  own  feeling  is  that  a  great  deal  of  the  complicated  machinery  that 
is  now  being  put  in  for  tran^forming  purposes  will  be  swept  away.  As 
the  President  said  in  his  Address,  referring  to  direct-current  machinery, 
we  really  use  alternate  currents  in  tlie  motors  and  we  generate  them 
in  the  generators,  and  we  twice  commute  them  in  the  intermediate 
stages.  Surely  we  can  get  rid  of  these  intermediate  steps  and  make  direct 
use  of  alternate  currents. 

One  thing  I  was  struck  by  in  Switzerland  ;  and  I  have  been  struck 
by  the  same  thing  in  Germany,  Austria,  or  Hungary.  The  men  who 
are  actually  controlling  the  works  and  the  businesses  are  practical  men, 
not  under  the  control  of  boards  of  directors  who  have  usually  no 
technical  knowledge  and  very  often  very  little  business  knowledge. 
It  has  been  asked  why  in  Germany  and  Switzerland  the  bankers 
support  the  manufacturers.  I  suggest  one  reason  is  that  the  fmancial 
people  have  confidence  in  engineering  work  controlled  by  such  practi- 
cal men — more  confidence  than  if  the  work  were  under  the  control  of 
men  whose  objects  are  very  often  entirely  different.  I  am  very  glad 
Mr.  Trotter  is  here  to-night,  for  in  Switzerland  we  saw  how  very  well 
they  got  on  with  the  minimum  of  control  by  the  authorities.  Another 
thing  struck  me  was  that  the  scientific  institutions  there  realised  that 
they  are  primarily  formed  for  the  purpose  of  helping  industry.  They 
do  not  say  :  "You  must  not  come  anywhere  near  us  with  your  electrical 
tramways  because  you  will  disturb  our  measuring  instruments."  It  is 
not  very  long  ago  that  we  heard  in  London  of  strong  opposition  to  an 
underground  electric  railway  because  it  was  going  to  interfere  with  the 
experiments  in  a  certain  excellent  institution  ;  as  if  the  importance  of 
such  work— and  I  do  not  deny  its  importance  and  usefulness — could 
for  one  moment  be  compared  with  the  necessity  for  lessening  the 
congestion  of  the  traffic  of  London.  I  never  heard  anything  at  Zurich 
about  people  wanting  double  wires  so  that  there  should  be  no  earth 
currents  to  disturb  the  work  at  the  famous  Polytechnikum— they  are 
there  to  help  industry,  and  not  to  hinder  it. 

Professor  Perry  :  They  could  shield  the  instruments  with  iron. 

Mr.   MORDEY :   Exactly.    The  first  use  scientific  people  ought  to 
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nut  ooasoJtifig  cagjfiecr&^-ai  kast  if  tber  hm^  ifacj  at«  I 
ThcfT  sp«afT,  tf  tJscT  spccifT  at  d.  n^  llie^  €»  ^ 
clioiply.  TbcT  do  not  spedlj  2II  sat^oi  i 
tk&t  Sut^  Qxanizxactiircr^  imke  tisngs  witli  tisj  I 
ji!»  to  do^^  than  is  poi^ble  io  tins  uoiitti.  I  .ilip«ld  Wbt  to  sir  ooe 
tRord  a^botil  tbc  Ccotial  Loodim  RaJmay*  Sosc^iog  Ibs  boen  sMd 
cL^ting  Jk  rdiection  ttpon  tbc  e&giiiccrs  d  thai  liae.  If  sbt  q(  os  lad 
been  in  ibe  pcx»wt  podtioii  of  those  eo^necrsw  I  Hioik  vie  sfaooiE) 
iionc  mo^  ol  the  thin^  tbey  haere  done.  T1i«r  kid  to  |inl 
thing  down  whtcb  tber  kacw  vookl  work — tlmj  conU  not  malse 
c^ptrriment^^.  People  talk  as  U  tbc  cii^lie^^  o^^l  to  hx^  pot  down 
40  altematiog  system.  But  |tKi  must  remember  thai  Cbe  Bmgdorf* 
TbuQ  line  was  only  !^larted  a  few  mofttbs  j^go»  whereas  the  Oetitnit 
Loodoo  was  thought  out  years  a^  Tbey  ftnt  down  alteimtc-cuntrTit 
gciierators,  and  if  they  find  later  00  that  tbc>'  cao  sweep  away  all  that 
tompHcalton  of  transformers  and  take  their  alternating  cinreDt  direct 
t  notor^  at  any  rate  tbey  have  an  alter oatliig  current  there  to 


1q  «^cjncIii>ion*  I  wi>h  to  reiterate  on  behalf  oi  the  Committee,  and 
I  jm  surr  on  behati'  of  i\w  whole  Institution,  our  very  grateful  th;inks 
in  tmr  Sui^  hosts  and  fellow  engineers  for  the  very  splendid  way  they 
icccivcd  us,  and  for  the  very  good  time  they  gave  us  generally.  I 
^"Qold  add  one  reason  why  ^'^  should  repeat  tlic:ie  foreign  visits,  the 
r«aso<i  something  like  one  given  by  Cowper^ — 

"•  How  much  a  fool  who's  been  to  Rome. 
Kxcels  a  fool  who  stops  at  home/* 

'low  much  more  therefore,  etc.  I    Q,  E»  D. 
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AX      ELECTROLYTIC      CEXTKIFUGAL      PROCESS 
FOR  THE  PRODUCTION  OF  COPPER  TUBES. 

By  Sherard  Cowper-Coles,  Member. 

INTRODUCTION'. 

The  electro-deposition  of  copper  is  now  carried  on  in 
many  large  engineering  works  for  the  coating  of  hydraulic 
rams,  barrels  of  guns,  shell  and  shot,  and  is  extensively  em- 
ployed in  the  manufacture  of  tubes  and  sheets,  and  for  the 
production  of  large  copper  vessels ;  most  of  the  copper  used 
by  electrical  engineers  is  refined  electrolytically.  Over  one- 
third  of  the  total  copper  output  of  the  world  is  now  electro- 
lytically refined.  It  is  difficult  to  obtain  exact  figures,  as 
the  copper  returns  for  various  countries  do  not  distinguish 
between  raw  and  electrolytic  copper  ;  but  it  is  estimated 
that  one-half  of  the  copper  produced  in  the  United  States 
in  1897  was  electrolytically  refined,  and  in  1898  the  pro- 
portion was  slightly  over  that  amount.  The  demand  for 
electrolytic  copper  is  on  the  increase,  and  the  capacity  of 
most  of  the  electrolytic  refining  works  has  been  or  is  being 
increased. 

Progress  and  Extent  of  the  Electrolytic  Copper 
Refining  Industry. 

The  following  figures  published  in  Industries  and  Iron 
show  the  rapid  growth  of  electrolytic  refineries.  The  world's 
total  output  of  electrolytic  copper  15  to  20  years  ago, 
did  not  exceed  10  to  15  tons  a  week.  In  1881  to  1882 
this  amount  was  probably  increased  to  about  60  tons  as 
the  result  of  the  refineries  erected  in  Swansea.  During  the 
next  four  or  five  years  several  of  the  American  refineries  got 
to  w^ork,  and  by  this  time,  say  1888  to  1890,  the  world  s  total 
production  was  probably  not  more  than  280  to  300  tons  per 
week.  Since  that  date,  up  to  the  present  time,  many  re- 
fineries of  gigantic  size  have  come  into  existence,  not  only 
in  America,  but  in  England,  France,  Germany,  and  even 
Japan,  and  it  is  quite  safe  to  estimate  the  world's  production 
at  the  present  moment  at  no  less  than  500  tons  per  day,  or 
about  180,000  tons  of  electrolytic  copper  per  annum,  and 
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during  the  refining  of  this  quantity  of  metal  there  are 
not  less  than  20,000,000  ounces  of  silver  and  100,000  ounces 
of  gold  recovered.  When  these  weights  are  converted  into 
money  value,  the  following  astonishing  figures  are  obtained : — 


Annual  Copper  value 
Silver        „ 
„       Gold 


;£9,ooo,ooo 

;£2,5oo,ooo 

;£40o,ooo 


or  in  round  numbers,  a  total  value  of  ;^i  2,000,000  sterling. 


2/. 


1 

J 

1 

/ 

\ 

/ 

/ 

Hoc. 

£0  40  60  ao 

Ozs.  per  gdiUon  free  SUphuric  Acid. 


100 


Curve   i. — Curves  showing  the  Effect  of  Free  Sulphuric  Acid  on  the 
Voltage  in  Hot  and  Cold  Sohitions  of  Copper  Sulphate. 


This  startling  result  has  been  achieved  in  a  maximum  of 
twenty-five  to  thirty  years  :  this  industry  has  had  a  growth 
probably  unparalleled  in  the  history  of  commercial  enter- 
prise. 


Inxrease  OF  Current  Density  in  Copper  Refineries. 

it  has  been  the  object  of  those  engaged  in  the  electro- 
lytic refining  of  copper  to  increase  the  current  density  as 
much  as  jyossible,  so  as  to  get  a  larger  output  per  vat.  A 
considerable  increase  of  current  has  been  effected  of  late 
years  by  attention  to  details,  such  as — 
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1.  Proper  circulation  of  the  electrolyte. 

2.  The  purity  of  the  electrolyte. 

3.  The  chemical  composition  of  the  electrolyte. 

4.  The  arrangement  of  the  electrodes. 

In  a  review  of  the  position  of  the  electro-copper  refining 
industry  by  Mr.  Titus  Ulke,  he  mentions  that  it  was  not  at  all 
uncommon  ten  years  ago  for  the  copper  refiners  to  stock 
their  tanks  with  75  to  100  times  as  much  copper  as  was 
daily  produced  in  everyday  work.  This  enormous  disparity 
has  been  gradually  reduced,  so  that  to-day  only  one-fourth  to 
one-fifth  of  that  amount  is  requned,  or  an  average  of  fifteen 
to  twenty  tons  per  ton  of  output.  He  attributes  the  cause  of 
this  marked  improvement  to  the  method  of  handling  the 
baths,  and  especially  to  the  higher  current  densities  now- 
made  practicable.  Whereas  formerly,  currents  of  only  two 
to  four  amperes  per  square  foot  were  thought  permissible, 
to-day  current  densities  of  from  fifteen  to  twenty  amperes 
are  said  to  be  employed  in  some  establishments,  and  the  end 
is  not  yet  in  sight.  The  conclusion  arrived  at  by  Mr.  Ulke 
is  that  the  average  proportion  betw^een  the  total  copper  in 
process  of  treatment,  and  the  yearly  capacity  (measured  by 
output)  in  our  electrolytic  copper  works,  is  now^  about  4  per 
cent,  as  against  two  or  three  times  that  amount  formerly, 
and  that  the  average  proportion  is  likely  to  diminish  still 
more  within  the  next  vear  or  two. 


Description  of  Various  Methods  for  Improving  the 
Physical  Properties  of  Electro-deposited 'Copper. 

One  of  the  best-known  electrolytic  processes  for  the 
manufacture  of  tubes  is  that  in  which  an  agate  burnisher  is 
used  for  consolidating  the  deposit  during  electro-deposition. 
This  process  has  met  with  considerable  success,  the  chief 
drawback  being  the  tendency  of  the  copper  to  laminate  or 
exfoHate  where  the  burnisher  has  been  at  work,  the  pressure 
on  the  burnisher  requiring  to  be  regulated  to  a  great  nicety. 
Elmore  has  sought  to  build  up  electro-deposited  tubes  equal 
to  drawn  ones  by  causing  a  burnisher  to  constantly  traverse 
the  length  ni  the  tubes  backwards  and  forwards,  as  they  slowly 
rotate  in  the  bath,  and  so  obtain  a  copper  possessing  a  high 
density.     The  current  density  originally  employed  for  this 
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process  %va*>  about  sixteen  amperes  per  square  foot^  but  this 
the  author  hcheves  has  been  considerably  increasecU  Copper 
deposited  by  the  Ehnoie  process  has  stood  a  stress  uf  26-5 
Ions  per  square  inch,  with  an  extension  of  16-5  per  cent,,  the 
hmit  of  ehtsticity  being  reached  with  a  load  of  23-3  tons  per 
square  inch,  the  specific  gravity  of  the  metal  being  as  high 
as  9' 2.  VCm  Hubl  has  succeeded  in  producing,  by  simple 
deposition  without  the  aid  of  a  burnisher,  a  specimen  of 
copper  which  broke  at  a  stress  of  23*6  tons  ;  commercial 
east  copper  t>reaks  at  about  8'4  tons  per  square  inch. 
Another   process,  thai  is  now    being  operated  on  a   large 


iO 
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Qes.  per  gAUOft  free  SuLphurm  Aad  m  ^oUjtion. 

ClTirVE  2, — Curve  showing  Ihe  Sijlubility  of  Copper  tji  Sulphuric  Acid. 


commercial  scale,  substitutes  a  sheepskin  burnisher  for  an 
agate  one,  smooth  deposits  being  obtained  by  the  application 
of  an  insulating  coating  to  the  inequalities  on  the  surface. 
The  sheepskin  impregnators,  which  move  over  the  surface 
of  Ihe  inelal,  coat  all  projecting  parts  with  a  thin  film  of 
afiimal  fat,  which  hinders  further  deposition  until  the  sur- 
ronndiug  depressions  have  been  raised  lo  the  common 
kvet.  In  later  patents  impregnators  are  mentioned  com- 
]X>sed  of  organic  gelatinous  or  albuminiius  matter  free  from 
excess  of  grease^  rendered  insoluble  by  treatment  with 
bichromate,  or  the  softening  of  the  albuminous  or  gelatinous 
constituents  of   the  impregnators  is  prevented  by  soaking 
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thcin  with  a  solution  of  formic-aldehyde  (within  the  limits 
of  ID  per  cent,  and  40  per  cent.),  after  which  it  is  washed 
in  water  to  remove  the  aldehyde,  or  this  substance  is 
neutrali>ed  or  decomposed  by  means  of  sulphuric  acid. 
It  is  claimed  for  impregnators  so  treated  that  they  may  be 
employed  with  equal  facility  in  a  hot  or  cold  bath.  The 
current  used  is  from  35  to  40  amperes  per  square  foot  of 
cathode  area,  the  volta/^e  required  is  about  i*6  per  vat. 
Tubes  are  deposited  12  feet  in  length  and  16-inch  diameter, 
and  i  thick  ;  these  are  longitudinally  cut  and  opened  to 
form  sheets.  Several  investigators  have  patented  methods 
tr)  improve  the  physical  properties  of  electro-deposited 
copper  by  injecting  the  electrolyte  on  to  the  copper  during 
deposition.  Craydon  Poorc  has  devised  a  method  for  pro- 
ducing plates  by  projecting  the  electrolyte  forcibly  on  to  a 
cathode  placed  in  a  horizontal  position. 

Cp:\THiFrGAL  Copper  Process. 

The  author  has  lately  developed  a  centrifugal  process, 
which  is  now  being  worked  on  a  practical  scale,  for  copper 
refining  and  the  manufacture  of  copper  tubes,  sheet  and 
wire  by  electro-deposition,  which  does  away  with  the 
troubles  of  lamination  and  enables  a  much  higher  current 
density  to  be  used  than  has  hitherto  been  the  case,  smooth 
tubes  having  been  produced  12  inches  in  diameter  at  the 
remarkably  high  cm  rent  density  of  200  amperes  per  square 
foot,  the  voltage  being  from  -5  to  7.  Solid  drawn  copper 
tubes  of  such  diameters  cost  about  three  times  the  price  of 
tough  copper  cake.  The  centrifugal  process  is  distinct  from 
those  already  referred  to,  inasmuch  as  there  are  no  burnish- 
ing t(K)ls  employed,  but  the  cathode  on  which  the  copper  is 
deposited  is  revolved  at  a  high  rate  of  speed,  the  result 
being  that  the  skin  friction,  between  the  deposited  metal  and 
the  electrolyte,  keeps  the  copper  beautifully  smooth  and 
compact.  Any  gas  bubbles  evolved  at  the  cathode,  or  im- 
purities in  mechanical  suspension  in  the  electrolyte  which 
would  have  a  tendency  to  settle  on  the  cathode,  are  thrown 
off  by  centrifugal  force.  Mr.  J.  W.  Swan  has  found  that 
regularity  and  smoothness  of  deposit  were  almost  entirely 
dependent  on  the  absence  of  solid  particles  held  in  suspen- 
sion in  the  electrolyte,  and  that  excrescences  could  be  en- 
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tirely  avoided  by  taking  care  that  the  electrolyte  was  tree 
from  solid  floating  particles.  He  ohser\*ed  that  at  the  seat  of 
each  "  nodule  "  was  a  speck  of  >ome  foreign  sul^stance.  Dr. 
G.  Gore  has  given  the  matter  some  thought,  and  has  oh-.erved 
that  the  greatest  length  of  "nodule"  is  in  the  direction  of 
the  greatest  intensity  of  current  and  amount  of  copper  in 
solution.  The  centrifugal  action  is  clearly  illustrated  by 
the  following  photographs.  Fig.  i  shows  the  cathode 
mandrel  stationary*.  Fig.  2  shows  the  mandrel  directly 
after  it  has  started  to  revolve ;  the  gas  is  distinctly  seen 
being  thrown  off  by  centrifugal  force.  Fig.  3  ^hows 
the  mandrel  after  it  has  been  revolving  for  tive  minute>. 
The  photographs  also  show  the  heavier  solution  or  anolyte 
descending  from  the  anode.  On  the  table  are  a  number  of 
specimens  of  tubes  and  shec'ts  produced  by  this  process,  some 
at  a  current  density  of  200  amperes  per  square  foot,  which 
were  deposited  from  solutions  of  appro.ximately  the  follow- 
ing composition  ;  the  copper  anodes  containing  about  30 
ounces  of  silver  to  the  ton  : — 

Ors.  per  gal.      Percentage. 

Copper  Sulphate  (CuSOoHiO)         22*44  ^o*95 

Sulphuric  Acid  (H=S04)          22*34  10*90 

Ferrous  Sulphate  (FcSO*)      -05  *o2 

Water i6o*oo  7^'i3 

lOO'OO 

The  following  scries  of  photomicrographs  show  the  results 
obtained  with  rapidly  revolving  and  stationary  cathodes,  all 
other  conditions  being  the  same  : — 

KlectrtUytc 

100  amperes  per  sq.  foot,  revolving       Hot 


Cold 

„  stationary      Hoi 

too  much  grea>e  on  mandrel  Cold 
no  grease  on  mandrel        ...         ,, 
Copper  cry^tal^  from  a  voltaic  cell. 

The  apparatus  employed  for  the  centrifugal  process  con- 
sists of  a  wooden  vat  "A"  Figs.  15  and  16,  in  which  are 
placed  anodes  composed,  of  crude  copper.     The  cathode  is 
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a  lioltow  maiidrtl  "  B  *'  made  of  brass,  which  is  supported 
*>n  ,i  revolving  ^haft  **  CS'  The  shaft  is  brought  through  the 
bottom  of  the  vat  to  the  top  of  the  celt,  and  is  protected 
from  the  acid  copper  'Sulphate  solution  by  a  k*ad*cased 
wroug!it-iron  cohimn.  The  shaft  is  caused  to  revolve  by 
gcaiing  placed  beneath  the  depositing  ceiljlie  speed  varying 
with  the  size  of  the  mandrel  employed.  The  mandrel  at 
one  end  is  fitted  with  an  eye  bolt "  D  **  for  lifting  purposes, 
and  a  circular  brass  casting  **  E/'  against  which  the  cojitact 
brnshes  "F''  rub  for  collecting  the  negative  current.  The 
brushes  are  fitted  to  arms  **G/*  which  are  made  to  turji  back 
to  allow  of  ttie  easy  w^ithdrawal  and  inserUon  of  the  man- 
drcL  ''  H  "  is  a  baflle  plate  made  of  an  insulating  material^ 
placed  at  the  bottom  of  the  mandrel  to  prevent  the  forma* 
tHui  of  copper 'Mrees*'  or  "nodules";  figures  17  and  18 
show  the  **  trees"  and  **  nodules"  which  have  a  tendency 
to  form  if  a  baffle  plate  Is  not  used.  The  electrolyte  is 
briskly  circulated  through  the  cells  by  ineaj^s  of  an  acid 
proof  pump,  the  solution  being  forced  or  pumped  to  a 
reservoir,  where  it  passes  through  a  filter  to  rid  it  of  all  im- 
purities in  suspension.  When  it  is  desired  to  obtain  a  sheet 
of  copper,  the  tube,  after  being  removed  from  the  mandrel, 
is  cut,  flattened  out,  and  annealed  ;  when  a  wire^  a  piece  of 
insulating  material  is  wound  roimd  the  mandrel  in  the  form 
of  a  spiral,  and  copper  deposited  between  the  threads  until 
the  tlitckness  of  copper  is  eqxial  to  the  distance  between  the 
threads,  the  spiral  is  then  removed,  and  after  annealing  is 
drawn  out  in  the  usual  manner.  The  mandrel  is  given  a 
small  taper,  and  is  slightly  greased  to  facilitate  tlie  removal  of 
the  lubes.  Figs.  19  and  20  show  a  modi  tied  arrangement  for 
driving  the  mandrel  above,  instead  of  from  below.  Another 
interesting  feature  of  the  centrifugal  process  i>  that  it  enables 
a  hot  and  more  acid  solution  to  be  used  than  is  generally 
employed.  Figs.  4  and  5  are  photographs  of  tWTi  copper 
deposits.  All  the  conditions  are  similar  with  the  exception 
that  the  mandrels  were  revolved  at  ditferent  speeds.  No.  4 
was  revolved  at  about  30  revolutions  per  minute  ;  No*  5 
al  1^000.  In  the  first  case  copper  came  down  as  a  loose 
mad,  so  ttie  photograph  shows  tire  deposit  an  the  mandrel. 
In  tlie  second  case  the  copper  came  down  smooth  and 
bright;  and  was  expanded  off  the  mandrel  as  a  perfect 
Igbc*     The  current  density  was  170  amperes  per  square 
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foot  and  the  temperature  i6o°  Fahr.     The  electrolyte  was 
of  the  following  composition  : — 


Copper  Sulphate 
Sulphuric  Acid 
Water 


Ozs.  per  gal.  Perce  ntajje. 
...      30  12 

...      60  24 

...      ~  64 


The  amount  of  free  acid  has  a  very  marked  effect  upon 
the  voltage  required,  but  a  very  small  effect  upon  the 
actual  weight  of  copper  obtained,  compared  with  the  theo- 
retical weight,  as  shown  by  the  following  table  and  Curve  i  ; 
the  amount  of  copper  sulphate  was  32  ounces  per  gallon  of 
water  =  i6-66  per  cent. 


TABLE    L 

1 

1 

1 

Current 
Density, 

Solution,  Cold. 

! 

t  Percentage  of 
.  Free  Acid  bv 
I       weight. 

Peripheral 

Xo. 

1        Ors.  of 
1    by  \veif*ht. 

speed. 

Feet  per 
minute. 

I 

100   1 

i 

3*5                 0 

1 

471 

2 

100 

2-5       '          (> 

303 

471 

3 

100   ' 

! 

TO                        8 

400 

523 

4 

100 

1-8       i        10 

1 

4*95 

•        471 

5 

100 

i 

22       \        25 

1      1152 

523 

6 

100 

80               30 

1      13*51 

523 

7 

100  ' 

I2-0                      40 

17-24 

471 

8 

1 
100 

140           1            60 

.      23-81 

523 

9 

100 

20*0                   100 

34-24 

628 

._ 

_        .           

[ 

.  _.  . 

The  solution  was  circulated  at  such  a  rate  that  it 
was  renewed  in  the  depositing  cell  every  five  minutes. 
The  above  table  shows  the  advantage  of  increasing  the 
acidity  of  the  solution  up  to  a  certain  point,  and  the  dis- 
advantage of  increasing  it  beyond  that  point;  the  critical 
point  seems  to  be  about  15  ounces  of  free  sulphuric  acid  per 
gallon,  =  724  per  cent.     The  rise  of  voltage   in  a   cold 
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solution  is  explained  by  the  fact  that  the  addition  of 
sulphuric  acid  to  a  copper  sulphate  solution  causes  the 
copper  sulphate  to  crystallise  out ;  this  takes  place  on  the 
electrodes,  and  largely  increases  the  resistance.  It  has  been 
shown  that  a  saturated  copper  sulphate  solution  is.  the  best 
conductor  ;  and  that  a  25  per  cent,  solution  of  sulphuric 
acid  offers  the  best  resistance.  With  too  much  acid 
polarisation  ensues  from  its  own  decomposition  by  the 
action  of  the  current.  The  latter  trouble  is  said  to  set  in 
when  the  copper  sulphate  solution  has  reached  an  acidity  of 
about  13  per  cent. ;  these  remarks  apply  to  stationary  anodes. 
Table  2  and  Curve  i  give  the  voltage  required  when 
depositing  at  100  amperes  per  square  foot  from  a  solution 
containing  32  ounces  copper  sulphate  per  gallon,  =  i6*66 
per  cent.,  the  temperature  being  160®  Fahr.,  various  amounts 
of  free  acid  being  used,  with  anodes  of  commercial  copper. 

TABLE  II. 


No. 

Current. 
Density 

ICX) 

Voltage. 

Cm.  of       ; 

H,S04       , 
per  gallon 
by  weight. 

Percentage  of 

Free  Acid  by 

weight. 

0            ' 

Peripheral 
speed. 

Feet  per 
minute. 

I 

3*5 

0 

500 

2 

ICX) 

I '3 

10 

495 

500 

3 

100 

09 

20 

9-43 

500 

4 

100 

08 

30 

13-51       j 

500 

5 

100 

075 

40 

1724      1 

500 

6 

100 

075 

5« 

20-66 

500 

1    7 

100 

07 

60 

23-81 

500 

1 
1    ^ 

ICX) 

07 

100 

3424 

500 

The  solution  in  this  experiment  was  not  circulated. 
Comparing  this  table  with  No.  I.  the  advantage  of  using 
a  hot  solution  is  shown,  also  the  advantage  of  increasing 
the  acidity. 

Table  III.  gives  the  variation  of  current  and  voltage  due 
to  increasing  the  temperature  of  the  electrolyte. 
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TABLE    in. 

Ampcrc-i.  Volt".  Ttinperaturc  ot  So!'.'l:i.n 


OSS 

80 

60    Fahr. 

400 

70 

70=       .. 

800 

50 

75' 

1000 

4'o 

78'      .. 

1400 

20 

82       .. 

1600 

ro 

90       .. 

1600 

085 

icx.^      ,. 

i6*cx) 

o-8o 

120       „ 

1600 

075 

140        .. 

1600 

070 

180^      „ 

1600 

070 

200  ■ 

- 

.     -_.__- 

. 

This  table  sliows  how  a  hot  solution  allows  a  heavier 
current* to  pass  at  a  much  lower  voltage;  150®  Fahr.  is 
probably  the  most  economical  temperature  to  work  at.  The 
curve  on  the  diagram  was  arrived  at  by  dividing  the  E.M.F. 
by  the  current,  giving  the  resistance  in  ohms. 

It  is  well  known  that  from  a  neutral  or  slightly  basic 
solution  copper  comes  down  in  a  coarse-grained  brittle 
condition,  whereas  the  amount  of  free  acid  has  a  very 
marked  effect  on  the  voltage,  as  is  shown  by  Table  II. 
This  may  be  due  to  the  production  of  a  small  amount  of 
cuprous  acid  from  a  neutral  or  basic  solution,  or  to  the 
influence  of  a  large  percentage  of  free  acid  on  the  mode  of 
crystallisation  of  the  metal. 

Von  Hi'ibl  has  observed  that  the  dark  coloured  spongy 
deposits  produced  by  too  high  a  current  density  occur  the 
more  readily  the  poorer  the  electrolyte  round  the  cathode  is  in 
copper.  According  to  the  same  authority  this  dark  deposit 
is  not  due  to  the  presence  of  cuprous  oxide,  but  to  the 
formation  of  a  hydride.  Hydrogen  may  under  certain 
circumstances  be  occluded   by  electrolytic  copper,  which 
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has  been  proved  by  the  anah'ses  which  have  been  made  of 
the  gas  pumped  out  of  various  specimens  of  the  metal. 
Thus,  a  certain  sample  gave  up  4-4  times  its  volume  of  gas, 
consisting  of  77*3  per  cent,  of  hydrogen,  8*4  per  cent,  of 
carbon  monoxide,  111  per  cent,  of  carbon  dioxide,  and  3*2 
per  cent,  of  water  vapour.  Foersier  &  Licdel  have  studied 
the  influence  of  temperature  on  the    character  of  copper 


Fig.  16. 


deposited  from  acid  solutions.  The  experiments  were  not 
very  conclusive,  but  they  tend  to  show  that  tougher  copper 
is  obtained  with  hot  solutions  than  with  cold.  The  experi- 
ments of  FocTster  &  Liedel  also  show  that  the  precipitation 
of  brownish  red  powdery  copper  is  connected  with  a  certain  • 
low  concentration  of  the  copper  ions  in  solution.  Owing 
to  the  rapid  revolving  of  the  cathode   in  the  centrifugal 


I»a 


THE  noBmcnomoF 


C5 


poor  la 


so  Ibc 


the 

of  hsvii^flie 

Tbc  e:EpeniBisils  oa  fiie  loss  ol  copper  hf  corrosmsm 
2  revolving  mwdrd  are  aot  ^vjr  ndUbict  iMi  tbeie  is  no 
apparent  reasoo  why  the  loas  sboald  ififer  from  Ifceal  vttfa  a 
statBOoary  mandreL  If  tbe  solotioii  k  kept  tboroo^ihr 
sattirated  witli  copper  sulpbate,  tbe  axromm  m^l  nol  to 
be  more  than  a  veiy  small  peieentaige  of  the  total  copper 
deposited.  This  lo^  magbt  be  reduced  bjr  using  a  iM^b^ 
current  density- ;  for  instance,  if  the  current  ts  doi^rfed  the 
perceniage  loss  will  be  halved. 


Ok  the  Loss  op  Copper  by  Corrosion. 
TABLE  rv'. 


XftL 

ss-*5!Sr 

Per  CMit  «>f           Lmb  on 

as 

as 

as 

as 

lO 

40 
60 
100 

4^5 

»3-5i 
17-14 

2381 
34^4 

3X> 

17 

1-8 

2'S 

7S 

Hi 

7  1 
67 

S* 
67 

In  these  experiments  (run  in  series)  the  time,  teinperalurc 
(t6o°  Fahr,)  and  current  were  kept  the  same.  The  ^veatfr 
!o^  at  the  anode  is  accounted  for  by  the  fact  that  tlu* 
anodes  were  all  much  larger  than  the  cathodcH,  imd  there- 
fore  a  greater  surface  was  exposed  to  the  action  ni  Ww 
hot  acid. 

Table  V,  and  Curve  2  show  the  solubility  of  copper 
foil  in  sulphuric  acid; — 
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TABLE   V. 


No. 

PtrLtiitajie  v>f  H2SO4 
per  gallon  by  weight. 

Lo»  per  cent. 
Hot  solution. 

I 

0 

0 

2 

3-03 

09 

3 

5-88 

05 

4 

34*44 

049 

5 

7575 

04 

() 

86-20 

027 

'    7 

92-59 

07 

8 

Concentrated 

Acid 

107 

From  this  table  the  sohibility  of  the  copper  in  dilute 
sulphuric  acid  appears  to  be  greatest  at  3  per  cent.,  and 
gradually  falls  until  about  90  per  cent.,  a  greater  increase 
taking  place  when  concentrated  acid  is  used. 

The  following  table  shows  a  steady  decrease  in  the  solu- 
bility of  copper  in  sulphuric  acid  from  10  per  cent,  to  50 
per  cent.,  the  copper  foil  being  immersed  in  the  hot  for 
three  hours  and  in  the  cold  solution  for  fifteen  hours. 


TABLE   VL 


No. 

I 
2 

3 

4 

5 
6 


()/,-.  of  HjSOj      ,.  .^  ,.^„,     ,  u  ^.p.        L.is>  per  cent,  hot  '.  Loss  per  cent,  cold 
mtL';.nnnhv      1  ^r  cent,  of  H.SO4  J^utu^n  I  soluUon. 


pel  gallon  by 
weight 


10 
20 

30 

40 

(K) 

100 


by  weight. 

irii 
1579 

20'00 
2727 


solution, 
three  hour>. 


1*27 
117 
114 

o-«5 

074 
0*69 


fifteen  hour». 


0*2l8 

O'iSo 

0145 

0*145 

O'll 

0-97 


Fit 


(7 


FifJ.  i$. 
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Fu;.  19. 


Fig.  20. 
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Anode    Sludge. 

As  already  mentioned,  a  very  high  current  density  can 
be  used  with  the  centrifugal  process,  and  smooth  deposits 
can  be  obtained  with  a  current  density  of  even  200 
amperes  per  square  foot.  This  is  a  matter  of  great  import- 
ance, as  in  copper  refining  with  high  current  densities  less 
anode  sludge  is  formed.  It  has  been  observed  by  Foerster 
&  Liedel  that  when  a  high  current  density  and  a  high 
temperature  are  used  there  is  far  less  sludge  formed  on  the 
anodes.  With  a  current  density  of  0*3  ampere  per  square 
decimetre  at  the  ordinary  temperature,  a  w-eight  of  0*5  kg.  of 
anode  copper  consumed  left  37  grms.  of  sludge,  containing 
60  to  70  per  cent,  of  copper,  partly  as  cuprous  oxide.  Under 
the  same  conditions,  but  working  at  40°  C.  the  sludge  was 
only  1*2  grms.,  and  was  nearly  free  from  copper.  With  a 
higher  current  density,  viz.,  i  ampere  per  square  decimetre, 
the  quantity  of  anode  sludge  was  about  the  same,  at  200C., 
and  40^  C,  viz.,  2*5  grms.  from  i  kg.  of  copper.  These 
results,  although  far  from  exhaustive,  go  to  show  that  the 
high  current  densities  used  in  modern  copper  refining  have 
the  incidental  advantage  of  reducing  the  quantity  of  anode 
sludge,  and  thus  making  the  working  up  for  silver  and  gold 
easier  and  more  economical.  A  yet  higher  temperature, 
viz.  60^  C,  increases  the  quantity  of  sludge  ;  a  good  deal  of 
the  increase  is  due  to  the  presence  of  metallic  copper,  which 
may  be  regarded  as  having  been  formed  during  the 
spontaneous  resolution  of  cuprous  sulphate,  momentarily 
produced  at  the  anode,  thus  : — 

CuaSO^CuSO^Cu 

Gold  is  not  dissolved  from  the  anode,  and  silver  only  to 
a  small  extent,  and  selenium  and  tellurium  not  to  any 
appreciable  extent  when  present  in   small  quantities. 

.Arsenic  is  founil  to  be  most  readily  soluble,  and  bismuth 
least  M)lublc,  among>t  the  impurities  in  the  anodes.  Accord- 
ing to  Dr.  Horchers,  the  mud  or  slime  deposited  on  the 
anode  may  contain,  after  drying,  gold,  platinum,  silver, 
silver  sulphide,  cuprous  oxide  anil  sulphide,  basic  sulphates 
of  bismuth,  tin  and  antimony,  antimonic  acid,  arseniate  of 
copper,  and  ether  arseniales  and  antimoniates,  lead  sulphate 
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and  slag  constituents  in  which  may  be  iron,  lime,  magnesia, 
and  silica,  and  with  these  there  will  also  be  a  certain  amount 
of  metallic  copper  in  a  pulverulent  state.  If  the  anode  con- 
tains too  high  a  percentage  of  impurity,  it  leads  to  several 
practical  difficulties  such  as  the  periodical  scrubbing  of  the 
anodes.  Some  of  the  impurities  found  in  electrolytic  copper 
are  electrolytically  deposited  from  the  electrolyte,  and  others 
are  mechanically  thrown  down.  Centrifugal  action  seems 
to  prevent  any  matter  in  suspension  settling  on  the  rapidly 
revolving  cathode.  E.  Koller  has  communicated  some 
interesting  figures  to  the  Journal  of  the  Chemical  Society. 
He  JFound  that  the  average  composition  of  the  vat  deposit 
obtained  (i.)  during  a  year's  treatment  of  reverbatory,  and 
(ii.)  from  three  months'  treatment  of  converted  copper,  are 
as  follows,  exclusive  of  oxygen  and  combined  water  : — 


(I.) 

(II.) 

Per  cent. 

Per  cent. 

Am 

-.    sy^H  [0-3064] 

55-15     [03076] 

Au 

0296 

0198 

Cu 

...     iroi     [00093] 

13-82 

Pb 

...      oQi     [00093] 

2-07 

Bi 

•••      3*93     [0-0320] 

0-34     [0-0035] 

Sb 

...      6-25     [0-0651] 

2-44     [0*0510] 

As 

211     [oos86] 

109     [00180] 

Se 

Te 

:   :::  ::rA^^-^^  {: 

072 
089 

Fe 

— 

o-8o 

SO4 

...     527 

10-68 

H.O 

2-36 

2-60 

i 


The  numbers  in  square  brackets  represent  the  percentages 
of  the  various  elements  in  the  unrefined  copper,  and  show 
therefore  the  nature  and  the  extent  of  the  refining  effected 
by  electrolysis.  From  these  numbers  it  will  be  found  that 
the  whole  of  the  silver,  gold,  selenium,  and  tellurium  remain 
in  the  residue  ;  whilst,  of  the  other  elements,  there  are  left  in 
the  slime,  in  the  two  cases  respectively  : — 

Cu.,  0*07,  o-o8 ;   Bi.,  7822,  6071  ;  Sb.,  6114,  29*90 ; 
and  As.  22*90,  37*84  per  cent. 
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Physical  Properties  of  Electro-deposited  Copper. 

Copper  prepared  by  electrolysis  may  have  as  Iowa  density 
as  8-00  ;  the  fijjure  for  normal  copper  is  S-g.  Hard  rolling, 
cold  hammering,  and  hard  drawing  increase  the  tensile 
strength,  and  limit  the  elasticity  of  copper  considerably. 
The  extensibility  of  annealed  copp)er  becomes  less  at  high 
temperatures,  and  that  of  mechanically  worked  copper  be- 
comes higher.  Some  copper  sheet  (not  annealed)  deposited 
by  the  centrifugal  process,  '0245  of  an  inch  in  thickness, 
broke  at  433  lbs.,  which  is  equal  to  221  tons  per  square 
inch.  Hard-drawn  wire  made  by  this  process  has  a  tensile 
strength  of  29  tons  per  square  inch,  annealed  20  tons,  the 
electrical  conductivity  being  99  per  cent.  The  author  has 
obtained  excellent  tough  deposits  of  copper  with  the  theo- 
retical yield  from  a  solution  composed  of  : — 


Oz«.  per 

PiTcentajje 

}>allon. 

bx-  weight. 

Copper  Sulphate  (CuS0,-|-5H,0)  ... 

...      32 

••      'h»7 

Sulphuric  Acid  (HaS04)        

...       12-6       . 

1077 

Water 

... 

7436 

lOO'OO 


S.  Sheldon  has  carried  out  a  number  of  experiments  to 
determine  the  electric  conductivity  of  copper  when  annealed 
at  various  temperatures.  A  sample  of  copper  was  drawn 
several  times  without  annealing,  so  as  to  become  very  hard, 
and  was  then  cut  up  into  different  lengths  which  were 
separately  annealed  at  different  temperatures  both  in  a 
vacuum  and  in  hydrogen,  and  tested  for  conductivity.  The 
effect  of  the  different  annealings  in  vacuo  in  relation  to 
conductivity  is  shown  by  the  following  figures  ;  the  conduc- 
tivities of  the  samples  were  calculated  from  measurements 
of  resistance,  length,  weight,  and  specific  gravity: — 
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TABLE  VII. 


AVXEALED  I\    A   VACma. 


Annea&ag 


20 
37 

54 
118 

300 
600 
755 
93« 


i     Condnctivity. 

~i 
I        Per  cent. 

I 

I  ioi*5 
101-5 
101*5 
101*6 

I02*0 
I02I 
102-4 
1027 

()90 


AWF-Al.FP  IX   HYr*RO(;K\. 


Annealmf* 
temperature. 


20 

45 

234 
360 

4^3 
1050 


CondMctivity. 
Per  cent. 

qn)o 
qc)o 

101*0 
lori) 


Cost  of  Depositing  Copper. 

According  to  Dr.  Kiliani,  the  back  E.M.F.  is  0'i2  volt, 
which  has  to  be  overcome  with  each  pair  of  electrodes  in 
the  electrolyte  under  normal  conditions.  This  back  E.M.F. 
is  due  to  the  polarisation  at  the  surface  of  the  anode,  and 
increases  with  the  impurity  of  the  raw  copper  used. 

The  following  figures  give  the  approximate  cost  of  pro- 
ducing electrical  energy  on  a  large  scale  with  condensing 
engines,  the  cost  per  kilowatt-hour  working  out  to  '3995,  in 
which  case  the  cost  of  the  electrical  energy  required  to 
deposit  one  ton  of  copper  is  14s.  5d.  A  large  installation  of 
10,000  H.P.  is  now  being  put  up  near  Manchester,  \vV\*\cVv 
will  supply  electricity  at  ^d.  per  kilowatt  : — 
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ESTIMATED  COST  OF  WORKING  A  2,100  KILOWATT  PLANT, 
THE  PRICE  BEING  BASED  ON  THAT  PREVAILING  IN 
ENGLAND. 

(Staff  arranged  in  three  shifts  for  continuous  mnning  of  150  hours 


per  week.) 


Stokers    

Trimmers  

Engine-drivers 

Oilers      

Dynamo  and  switchboard  hands 
Superintendent ■ 


£    s.d. 

£    s,    d. 

6    at    I   13    3 

per 

week 

900 

3-146 

9 

3  13     6 

6    „     I   17    6 

t 

II     5     0 

2     „     I     8    0 

f 

16  16    0 

6    „     I    8    0 

> 

880 

I     ,,400 

1 
••• 

400 

er  week     ... 

£53    2    6 

(At  150  hours  =  7s.  id.  per  hour.) 


PKR   KILO  WATT- HOUR. 

Salaries  and  wages 

Coal,  2*4  lbs.  at  i6s.  per  ton  

Water,  at  6d.  per  1,000  gallons      

Oil  and  sundry  stores,  waste,  etc 

Standing  charges,  office  expenses,  rent,  insurance,  etc. 

Repairs  

Interest  on  capital  ^2(),ooo  at  5  per  cent. 
Interest  on  buildings  ;f  5,000  at  5  per  cent. 

Depreciation  on  plant  10  per  cent 

Depreciation  on  buildings  3  per  cent 

Total  cost  per  unit  generated 

♦  On  basis  of  working  50  weeks  in  the  year. 


Pence. 

•0405 

•2050 

'0014 

'O4OO 

•0300 

•0100 

•0222  * 

•0038* 

•<H43* 
0023  - 

o-3995d. 


The  Anaconda  Mining  Company  has  recently  made  public 
the  cost  of  electrolytic  refining  during  the  year  1897  to  1898 
at  its  works  at  Anaconda,  Montana ;  the  figures  given  are  as 
follows  : — 


Assay  expenses  and  salaries 

Electric  light         

Expenses 

Labour        

Legal  expenses 
Power-house  expenses 


coal       

labour 

machinery  and  repairs 


£  s.  d. 
3,062  7  8i 
475  "  " 
775  16 
28,408  13 
426    7 

27,589  o 
9,880  9 
4.020  19 


2 
2 
I 

H 
10 

7 


i! 

>.  d. 

•  5'5^5 

A     > 

.  ^4fv 

5  0^ 

-  3,252 

q   ni 

>>i 

i:  f^ 

.  2,:?fu 

6  O 

iSi 

5  ^^ 

1.l4^ 

10  5 

.  1,070 

5^  5 

.  1,521 

0  11 

.  1,650 

2  i| 

.^02,398 

7  "i 
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Making  a  total  of  £4:1,812  (>s.  od.  ior  poorer,  01  which 
£19250  was  charged  to  fdlrer  mill,  leading  a  net  expeii^^e  01 
;^4i,562  6s.  6cL  for  power  for  the  electrolytic  refinery. 


For  recasiiiig  5crafv-3m:x3e<  

Regenerating  plant  expenses       

Salaries,  including  managcTnent 

StaUe  expenses       

Sundry  supplies       

Switching  product 

Taxes 

Repairs  on  buildings  ...  

„       on  machinerx-       

On  refining  tanks 

Making  a  total  of 

The  output  of  electrolxiic  copper  was  50,505,711  lbs,,  con- 
sequently the  cost  of  production  was  3s.  ijd.  j>er  cwt.  or 
£^  2s.  6d.  per  ton. 

In  the  above  calculations  the  dollar  was  taken  at  4s.  2d, 

The  President  :  We  have  had  a  coninuinication  from  an  lionorary   i>,^idcnt 
member,  Mr.  Henry  Wilde,  which  I  will  ask  the  Secretary  to  road.  -^»  j. 

Mr.  Henry  Wu-DE,  F.R.S.  [cowiniitnaiUti]  :  I  have  read  with  much 
interest  the  paper  of  Mr.  Cowper-Coles  on  **  An  Klcctrolytic  Centri- 
fugal Process  for  producing  Copper  Tubes. '  May  I  point  out  tliat  the 
process  described  is  identical  with  the  one  patented  by  me  in  1875 
(So.  4,515),  which  has  been  in  successful  operation  in  Manchester 
and  elsewhere  for  more  than  twenty  years.  Hy  the  publication  ol'  his 
paper  Mr.  Cowper-Colcs  has,  however,  rendered  an  important  service 
to  the  electro-metallurgical  industry  in  exposing  the  fallacy  of  sub- 
mitting electro-deposited  surfaces  to  the  friction  of  foreign  substances 
during  the  process  of  deposition.  His  paper  also  contains  some 
interesting  information  on  the  electro-metallurg\'  of  copper  which  is 
not  readily  available  in  other  publications.  Subjoined  are  extracts  from 
the  Specification  and  Claims  of  the  Patent  referred  to  : — 

"Whereas  attempts  have  been  made  from  time  to  time  to  substitute 
iron  rollers  covered  with  a  thin  layer  of  copper  by  means  of  electricity, 
for  the  solid  copper  rollers  used  in  calico-printing  and  in  other  pro- 
cesses, but  owing  to  the  expense  of  the  battery  power  and  the  slow 
rate  at  which  the  copper  was  deposited  in  the  reguline  state,  such 
attempts  have  not  hitherto  been  commercially  successful. 

"Now  my  Invention  consists  in  giving  to  tlie  electrolyte  or 
depositing  liquid  in  which  the  roller  to  be  coated  is  immersed,  or  to 
the  positive  and  negative  electrodes  themselves,  a  rapid  moUou  ol  xoVa- 
tion  in  order  that  fresh  particles  of  the  electrolyte  may  Vhs  \>tov\\i[!l\V 
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IB  ooo^h:!  with  Ae  imipHKr   ^rii  -  mt^ns 

^mia£Md  carrealA  of  electrkitj  waf  hm  hnmfj^  ^  isiuU 

mrtaces  at  meUt  witfaoeit  dmrimei^  to  Ite  q  ibi:  copper 

depo«ited,  wllife  tlx  rale  (tf  iIk  dcpoirt  k  fre»%  <J  IP^^  4)^ 

^  lii&t^id  of  prndDOi^  tfee  wtortaginoCiaQ  of  the  elcctn>h-te  by  the 
rmMmm  isf  tbe  ralkr  *,  as  atxnnr  d»cnb»lr  it  inanr  fie  prodoced  br  the 
roiatjoo  of  tiic  poialtvc  eiectmlrv  ^  laowited  oa  a  rerolfiiig  bsine,  or 
bv  padiilia  neroiwtug  m  the  aaml^  ^ipoop  bet^egg  issd  dectrodes  mad 
2  fixed  roDeripage  5|l 

'"Ths  tniealicNi  ai^  3tso  b^  ^pp&ed  to  the  electrotytic  metliod  of 
refoiiig  cof^per  desmbed  m  the  Speci^calkiii  erf  L^ter!>  Patent 
grtAted  lo  J,  B,  Elkiei^Ofi^  N<w«rtnbcr,  1865,  So.  2,^38  **i page  4I 

^  Ct-UJts.— F»^  :  Iiitiigalifig  a  npid  whirtmg  or  rotalicig  motioa  to  m 

dcposittiig  ^ntiofi  in  tbr  manQcr  :&iid  for  the  porposes  desdibed,     .    . 

•*  La^ :  Th€  aippbailioo  of  the  w^mliiig  or  rotator>^  iDOtioii  of  tile 

elcctTDNte  in  Hie  re6ituig  of  copper  and  tbe  afparattis  for  effecting  the 

^ame  3^  shown  and  described.^ 

Ur.  \V,  M.  Mos£>EY  :  I  ^^otdd  like  10  ^»agge^  fo  Mr.  Co«iier>Co!es 
to  add  to  T&ble  7  {tm  p.  277^  a  cotemii  indidting  resistmnce.  We  all 
kmm  wbdt  ohms  are,  bta  !  thiok  a  tcry  ttm  of  us  kttow  wliai  mhos 
are* 

Mr.%,  Z.  l*E  Ffkr.ivti  :  AImxiI  sLi  or  >>evcn  years  ago  I  saw  iii  Paris 
a  prc»ce^  attnost  idcoliaij  m*ith  thai  described  by  Mr.  Cowpor^Colcs^  It 
was  not  hclng  worked  cotnmeroaliy*  but  in  a  lalx>ralonr  for  the  piirjiosc 
of  demon i^t ration  with  a  view  to  selling  the  patejil^  It  wa^i  Npccially 
arranged  tor  depositing  a  very  thin  and  uoilormlj  good  plate  at  a  very 
high  current  di-'a.'»ity.  The  ditftrcncc  was  that  the  roller  wa^  horizontal 
in^ead  oi  %*crtical.  and  the  c^iinder  was  only  half  covered  with  the 
electrolyte,  Ttie  cyUndcr  wus  .a  fairlv  large  one*  I  think  about  2  ft»  ft  in. 
to  3  ft*  in  diami^tcr,  and  v^iis  revolved  ver\'  rapidly  ;  in  fact,  there  was  a 
great  tendency  to  throw  I  he  M>lutlon  about,  and  baffles  hud  to  be  u^d 
lo  prevent  the  liquid  being  scattered  over  the  room,  I  do  not  know 
what  the  peripheral  >pced  w.ts,  but  it  vvus  very  high.  The  copper  sheet 
deposited  upon  the  metal  mandrel  wa^  beautifully  smooth  and  regolar 
when  stripped  off.  The  patentees  thought  thul  the  special  point  in  the 
invent iun  wa;*  not  the  high  speed  of  rotation,  but  the  power  to  produce 
cheaply  a  very  thin  copper  sheet,  which  is  an  article  sold  in  fire 
market  for  many  purposes  at  a  verj*  high  price  per  pound. 

I  have  also  seen  another  ap plication,  somewhat  simihu'  to  tJic 
one  which  we  have  seen  thi?;  evening,  of  rotary  deposit  without 
Inirnishing  :  it  was  produced  by  Mr,  K.  D,  Sandeis  at  Hasthonrne, 
who,  was,  I  believe*  at  one  time  the  manager  of  the  Elmore  works.  In 
lliit  ease  he  coiled  a  wire  spirally  upon  an  insulating  cylinder*  This 
inandrd  wrts  three  piirts  immersed  in  I  he  copper  sulphide  and  rotated 
at  about  100  revolutions  per  niinule.  He  found  that  he  could  use  a  very 
high  current  density,  and  obiamcd  a  most  beautiful  spiral  depotfit  of 
copper  on  the  wire  which  grew  until  it  was  large  enough  to  be  uncojlcd 
from  the  inantlrel*  The  wire  was  Itien  drawn  down  through  a  few 
dies  and  produced  most  beautiful  results.  I  thought,  and  still  think, 
mry  hijghly  of  that  prtxiess.     It  has  not,  however,  been  applied  coin- 


ikdlQlte 

misted  ihc  hsp  dl  m  i^itt 

The  PvisiDCXT :   Thene  vss^  oac  «iiBg  niicfc  ■aiiniinl  ar  rxw  IW 

'  oi  tnc  Oiflt.fciicc' 
rooq^  mud  graDaljr,  €x^  oo^far,  <lrfwg|  jad  Ibr  vetr 
of  viiudi  flkeiratiPB  arc  !sli(nni  t«  Fi^  4  to  12.    He 
winri  tlie  itmidrei  rtxuKl  at  a  rrlatiticiv  fow  speed 
much  c0c€t.  hut  tlkat  lliere  mms  a  critical  ^f«e«d  M 

in  the  slate  of  tbc  deposit  occmrai  He  did  liol  Iril  us  «ttiai  Itvjii  tinul 
irsiii.  €aa  rt  1^  given  as  5arfaccs{:icrd  In  feet  per  second?  Ii 
same  deports  are  described  as  tym»i;  heen  made  at  a  pertphi!.!  ^r  -i^^  ^1 
of  500 feet  per  minute  ;  btst  tbc  qucojon  b*  what  is  the  pcriplteml  5|*n^ 
«it  the  critiail  pouit,  and  cm  the  author  give  ns  any  idesi  aii  to  ^-tiat 
is  the  phv^cal  m^uiiog  of  the  exii4etice  ul  Urn  critical  ^peod  f 

With  r<:gard  to  the  point  mi^rd  a-*i  to  coiidiictivitv,  it  » 

tD  !!rf>if)e  present  that  h»  Conimutee  has  Keen  ;it  \\»rk  pi .  1 

the  information  lh;it  exists  n^^  to  the  eniuiyctivity  iti  st.^iiii;*nt  m»;iiitie> 
of  cropper,  obtiiined  from  a  niimixT  of  ^^jurccs  vvitli  u  vk\v  ti*  CNt.tb 
Kshing  aitthoritativcJy  \vh;it  is  the  stiiiittiirtt  af  ptirityof  w^ippcr,  \VV  iir^ 
mpposed  ta  be  working  rtowadivti  to  M.itthtc^scirh  st.itHliiixl  %4  tNfti» 
bnf  r  am  afraid  iimie  ot  tliu  ucliul  s;imp!c>  tUut  .irc  Mippluul  ft* 
MiitthiesNcnV  ^standard  .irc  i^jt.vetly  I  he  smtic  as  liis  ^tiUidiiid  w.i^  ;  imtl 
Wf  have  in  the  report  of  lluit  Comnjillec— whicli,  bv  the  \\\i\\  \x\\\  rtp|Vjj 
in  iuU  in  our  Jatiuarv  Journai  [lhi^  vol.,  p,  ifnj]— ihcHV  iiwi^  put  heftMi* 
lis  and  hronghl  np  lo  dutt'.  Hul  h\  thai  lmw  tlitte  are  jjiven  not  iinfv 
lUt:  absohrte  valueii  ot"  the  specihc  rcsiManco  U  the  copper,  hvit  tJ*n 
their  valne*  in  lerins  of  cojuluclivity,  Matthie^i'it'us  Mandud  luiniJ 
regarded  ah  ioq  [^cr  cent.  In  t8^u  it  was  Mippused  thai  MaltlMt'nf«t'n 
had  conipktfly  puntied  hh  copper,  ami  tliat  theabsnlHli'ly  piUk*  t  oppi  ► 
ivhich  he  prodticed  woukl  have  a  c*>ndnctivity  of  iijti  |iir  vm^l^  tin 
highest  thai  eonld  he.  Nowadavs  we  Kwvi*  etjppt'i*  wilU  \\  k^^v^ 
dwiiv'Aty  oi  W2  per  a;joi.  ^  c*;/jipai  gj  wall  iitiit  uUl  i>liitiAa*d,    V  WuiV^ 
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there  ;irc  ^\mv  reasons  for  preserving  the  st;indard  in  terms  of  con- 
ductivity, though  I  at^ree  with  Mr.  Mardcy  that  it  would  he  an  advantai^e 
to  hi^ve  the  ab^inltite  resistauees  M?t  down  in  ohms  a.lso  by  the  side  of 
the  codductivitv*  Perhaps*  Mr.  Covvper -Coles  can  give  us  some  further 
information  on  this  point  as  to  what  is  the  standard  that  he  takes  when 
he  gives  us  certain  thmgs  as  having  a  conductivity  o£  102  per  cent. 
Does  he  mean  loa  in  terms  of  the  Sfj-called  Matttiiessen's  standard,  or 
what  does  he  mean  ? 

Mr.  A  LAX  WtLLiAM!^  [com  m  lift  kakii]  :  hi  the  introduction  to  Mr. 
Cowper-Coles^  \'ery  interesting  paper  the  autlior  lias  referred  to  a  pro- 
cess now  beinj^  worked  on  a  htr^e  commercial  scale  in  which  a  sheep- 
skin burnisher  and  a  fairly  nipicl  rotation  of  the  cathode  are  employed 
in  order  to  obtain  an  even  deposit  of  copper.  In  his  description  of  the 
prtx^ess  he  suggests  that  the  effect  of  tlic  burnisher  is  to  apply  an 
insulating  coating  to  the  projecting  parts  of  the  deposit*  allowing  the 
liurrou nding  depressions  to  be  tilled  up.  I  have  had  an  opportunity  of 
seeing  this  process  at  work,  and  can  testify  to  the  excellent  deposit  pro* 
duced  by  it, 

I  do  not  believe  that  the  explanation  given  of  the  working  of  this 
process  is  the  correct  one,  although  it  is,  I  understand,  accepted  by  the 
parties  working  it.  If  tlie  even  deposit  were  produced  through  the 
deposition  of  an  insulating  film  nu  the  **not!ules''  it  would  seem  that  the 
*'  impregnators"  would,  after  a  slu^rt  time^give  up  all  the  insulating  grease 
they  originally  contained*  and  would  then  be  no  longer  able  to  protect  the 
*'  nodules."  This*  however,  is  not  the  case  ;  the  *'  impregnators"  are  quite 
as  efticient  at  the  end  of  a  long  run  as  at  the  start.  Moreover,  in  the 
later  patents  referred  to  by  the  author  "  impregnators  "  arc  used  free 
from  excess  of  grease*  which  rather  points  to  the  fact  that  the  grease  is 
not  of  much  importance. 

My  theory  of  this  process  and  of  all  other  processes  which  have 
produced  satisfpctory  results  is  this  :  In  an  ordinary  depositing  cell, 
immediately  the  current  is  switched  on,  copper  is  deposited  on  the 
cathode*  and  a  thin  layer  of  electrolyte  touching  the  cathode  becoines 
very  considcraiily  weakeJied  in  consequence.  Before  more  deposition 
can  take  place  this  layer  of  exhausted  cleetroly^e  must  be  removed. 

If  left  to  itself  it  will  naturally  break  up  in  a  sort  of  gianular  forma- 
tion, being  pe  if  orated  at  a  numl>er  of  points  and  allowing  copper- 
bt;aring  electrolyte  to  have  access  to  the  cathode  through  the  perforations 
and  permitting  a  number  of  *' nodules"  of  copper  to  be  formed.  An 
irregular  deposit  then  grovvs  on  thuse  "  nodules." 

To  prevent  this  action  froni  taking  place*  it  is  necessary  to  remove 
the  film  of  cxliausted  electrolyte  immediately  it  is  formed,  either  by 
friction,  violent  circulation  of  the  electrolyte  or  rotation  of  the  cathode- 
Consequently  the  process  which  most  effect ually  removes  this  lilm,  and 
which  at  the  same  time  gives  the  most  uniform  distribution  of  current 
and  the  most  unifoitn  strength  of  electrolyte  over  the  whole  surface 
of  the  cathode,  should  be  the  one  to  produce  the  best  deposits  of  copper 
nod  to  allow  the  highest  current  density  to  be  used. 

Mr.  \V.  GlltBiNGS  [communkatcii]  :  Mr.  Cowper-Coles'  paper  is  of 
^cut  /nferest,  and  will  doubtless  be  specially  appreciated   by  those 
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daci  not  engage  thr  iiiratkxj  iit  tzi«r   ltt<i:22n  a   **•  .«r^ehr  a»  olbcr 

The  ceffltrifii^  prooes^  of  iMiliiijg  oappcT  tabes,  ctc^  miS  not  I 
thinks  be  ffxuM]  lo  be  iicw.  linr  a  *9auMr,  it  not  the  siimr,  puccte  v3K!» 
pedeeied  in  Febrttanr  or  Marck,  V^M-  ^  ^^»*)  tteid,  snd  «as  taken 
ov^  and  used  b^  La  Sociel^  lies  C«fiprcs  dt  Fn»cr,  ^,  ttme  Cioibom 
Fms,  Tbe  oentrtf ngit  pruoms  ia  fln^  potent  is  cteipgd  **  pMr  ii6ncm- 
boa  de  tubes  eT  antn^  objects  en  ctavre  ptr  ample  rotaHon  di&s  an 
cledroHte."      ^  ^    wbrtlicr  Sir.  Omfiier-Ciile^  b^  bern  anhci- 

fated  or  tK4.  v«^  gncat  credit  ttjf  wmkimg  out  tbe  pnx«^ 

iodcpcitdmlly.  I  ibmk  tin*  ptm^^^  ts  in  jkH^xicv  oi  uCbcrs  in^^rulcd 
for  like  pixqxj;>es  but  I  do  ool  think  Mny  drcttoiytic  pnxcs&  ret 
imx*tiU*d  for  makiiig  Itihcs  t-s,  tir  t^  hkely  to  be » 4  comiiicrcxa]  sQCCCsa>^ 
Thc5C  reiti^i/ks  apfly  njiulty,  or  with  ^pieater  cm|»b^:iAi«  to  the  deciro- 
lytic  roanul  jc-hm*  ol^  wire,  CerlairiK-  we  atie  very  lar  (nMn  tbe  **  iwoIij* 
tion  ill  the  copper  ittdustry  "  which  tht?  Eltiiofe  pitjcc>s  ptTocni^cd  fwvlve 
or  fttyrletrn  yrars  ago,  mod  ihc  **  conisidcnibtc  iAicct»  *  ^^ikcn  oi  by  the 
Aotbor  of  the  paper  ms  hating  beeti  attaiitcid  b^'  tbb  proce:>s  has  not  yet 
beeji  realised  by  the  <Jiarebolder^ 

The  method  of  projecting  the  electrohic  on  the  cathode  wsi^  triecl 
at  Anaconda*  and  <ibandoned. 

I  notice  the  centrifugal  proce^  \^  claimed  lo  do  aiin^^  ^ntb  Ihc 
JaminuHon  trouble.  If  it  does,  it  hn^  overcome  one  of  the  gre;%t  difli- 
cultie!^  met  witli  In  the  direct  manofacture  of  tube^  and  sheets  by 
L'lcctrolyt!)is,  but  it  is  only  one  ;  there  i*re  many  more  between  theory 
add  commercial  ^ucce^. 

The  Temperature* Resistance-Curve,  gi%*en  on  paf^e  263,  requires 
expJanation.  The  great  drop  in  resistance  between  60^  and  So*  F.  is 
not  due  to  temperature  pcr%e,  but  to  the  fact  that  in  the  S4>Iution  ex- 
perimented on  the  copper  sulphate  crystal lise>  out  at  75^  F.  This  is 
the  tem|">erature  of  sohditi cation,  asbUtning  that  the  acid  usetl  was  168 
iwaddelK  If  the  acid  used  in  the  experiment  was  of  lower  specific 
g7,tvtt\%  crystallisation  would  occur  at  a  rather  lower  temperature* 

This  will  also  suggest  itself  as  the  cxplauation  of  the  curves  on 
page  359,  but  as  an  analysis  of  the  solution  used  in  this  case  h  not  given, 
1  cannot  determine  the  point  of  crystallisation, 

**  Best  resistance  "  on  page  267  should  apparently  read  **  least  resist* 
ajiee/* 

Table  VI L,  with  results  of  experiment^  to  determine  condiictivilv 
cil  copper  annealed  in  a  vacuum  and  in  hydrogen  shows  rem*u*kable 
results,  but  not  sucli  as  arc,  as  far  as  I  can  see.  of  any  practical  v;Jue, 
Tbe  annealing  of  copper  in  hydrogen,  even  if  it  could  be  done  on  ;my 
large  scale,  would  render  the  metal  totally  unlit  for  rolling  or  dr.iwing, 

Mr.  CowpER-CoLEs,  in  reply,  said:  With  reference  to  Mr/ Henry 
Wilde^s  communication^  undoubtedly  there  is  nowi  nothing  tiew  in 
revolving  a  cathode,  as  this  was  done  by  him  tweiity*iivc  years  ago,  I 
itiysclf  have  used  revolving  cathodes  for  ten  years  or  more.  What,  how- 
ever, t  claitn  to  have  discovered  ist  that  if  the  cathode  is  revolved  at  a 
efficiently  high  speed  so  as  10  ^entTale  an  appfca4iblc  amoual  %A  \^\\Uv 
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Mr  Cawper-  fugal  force,  remarkably  sniooth  deposits^  can  hv  obtained  at  very  high  cur- 
rciil  densities*  I  have  also  observed  thai  tlrcre  is  a  critical  speed  at  vvhicti 
excellent  copper  deposits  can  he  ubtained,  which  cannot  be  obtained  at 
any  other  speed,  I  am  well  acquainted  with  Mr.  Henry  Wilde's  patent 
in  which  lie  eiiiims,  *'  imparting  a  rapid  whirling  or  rotating  motion  to  a 
depositing  solution  either  by  revolving  the  electrodes  or  by  means  of 
paddlesp*'  hui  I  %'asnot  'aware  that  he  had  discovered  that  by  rotating 
the  cathode  at  a  certain  ^peed  smooth  deposits  of  copper  could  be 
obtained  at  remarkably  high  currtnt  densities,  even  when  a  very  large 
percentage  of  free  ucid  is  present  in  the  electrolyte* 

With  reference  to  Mr,  S-  Z.  de  Ferranti's  remarks  on  the  proces.^  lie 
saw  in  Pari^,  this  evidently  is  not  a  practical  one.  hi  the  liri»t  place, 
only  half  the  cathode  is  immersed  in  the  electrolyte,  and  tlierefofe  a 
plant  to  give  a  kirge  outpnt  is  very  cumbersome  and  the  action  obtained 
with  a  horizontal  cathode  is  not  the  same  as  that  obtained  in  t!»e  process* 
I  have  descrilred.  With  reference  to  Mr.  R.  D,  Sander'^  process  for 
making  copper  wire,  I  have  heard  of  tliis  process,  and  I  qnite  agree 
that  such  a  process  would  not  compete  in  price  with  the  present  method 
of  wire  drawing* 

tn  reply  to  Mr.  G.  L.  Addcnbrooke's  remarks,  I  have  not  read  the 
paper  Mr.  Swan  delivered  before  the  Hoyal  Institution,  but  I  have  talked 
to  him  on  the  subject  of  his  paper,  and  understand  that  all  the  experi- 
ments he  made  were  with  horizontal  anodes,  and  that  the  difliculty  be 
experienced  was  that  when  a  high  speed  was  used  deep  lines  were 
formed  on  the  cathode.  This  lias  also  been  my  own  experience,  as  I 
liave  tried  to  produce  parabolic  reflectors  by  revolving  the  cat li ode 
at  a  high  speed,  at  thu  same  time  using  a  high  current  density,  but 
foinid  it  impracticable,  as  the  lines  of  rotation  spoilt  the  reflecting 
surface,  and  the  speed  of  rotation  had  ultimately  to  be  reduced  to  about 
live  revolutions  per  minute. 

With  reference  to  the  President's  remarks,  as  regards  the  critical 
peripheral  speed,  this  should  not  be  less  than  one  thousand  feel  per 
miiiute.  The  centrifugal  process  enables  a  very  high  percentage  of 
free  acid  to  be  used,  w*hicli  is  advantageouis  both  from  an  electrical  and 
tVoni  a  copper  rehning  point  of  view.  Ttie  electro-motive  force  re- 
quired is  less,  and  the  large  percentage  of  free  acid  enables  ores  to  be 
leached  which  it  would  not  be  possible  to  leach  if  only  a  small  percentage 
of  acid  were  used. 

[Added,  February  2^h*]-~l  should  like  to  state,  in  reply  to  Mr.  W. 
Gibbings'  communication,  that  the  process  he  refers  to  is  evidently  a 
similar  process  to  that  of  Mr.  Henry  Wilde,  to  which  reference  has  been 
made  above. 
The  The  PREsiDENr  :  It  is  now  our  pleasing  dutv  to  return  our  thanks 

formally  to  Mr.  Cowper*Coles  for  the  paper  which  he  has  been  good 
enough  to  bring  before  the  Institution*  We  do  not  often  have  a  paper 
at  this  Institution  on  electrolytic  processes,  and  when  we  have  one  it  is 
well  that  we  should  recognise  the  importance  of  this  branch  of  the 
electrical  industry.  May  we  hope  to  have  other  papers  on  electro- 
metallurgical  subjects  as  time  goes  on  !  An  jibing  that  will  produce  a 
purer  or  cheaper  copper*  or  a  copper  that  is  more  mechanically  good 
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than  we  have  had  before,  is  so  much  to  the  good  and  benefit  of  the   J^^.^^.^^ 
electrical  industry  as  a  whole,  that  I  think  we  may  congratulate  Mr. 
Cowper-Coles,  while  we  thank  him  for  the  paper  which  he  has  given. 

The  President  announced  that  the  scrutineers  reported  the  following 
candidates  to  have  been  duly  elected  : — 

Members  : 

Charles  A  Burge.  I       Herbert  Sydney  Russell,  B.Sc. 

George  Cheetham.  i       John  Julius  Steinitz. 

John  Macintyre,  M.B.,  M.Ch.,  F.R.SiK.,  &c. 

Associate  Members : 


Captain  Cecil    William    Daw, 

R.E. 
Hugh  Frederick  Dawson  Jacob. 
Lieut.  George  Stuart  Knox,  R.K. 


James  McCaffery. 
J.  E.  Douglas  Neale. 
Joseph  John  Smith. 
Charles  Edgar  Williams. 


Assoiiales : 


\\rilliam  Henry  Ashman. 
Edward  Arthur  Barker. 
Robert  Leopold  Bendall. 
Richard  George  Botting. 
John  Edward  Dawson. 
Walter  Bawcutt  Edmunds. 
Alexander  McAra  Fyfc. 
Ekiward  Garton. 
John  Bertram  Gibbons. 
David  Henriques. 

Robert 


'      John  Murray  Hincks. 
i      Albert  Thornley  Kinsey. 
I       Henry  J.  Lewenz. 
1       Selby  Lennox  Macfarlane. 

William  Norman  Price. 

Frederick  William  Rayner. 
1       Albert  Edward  Salisbury. 

Harold  Sandwith. 
,       Sydney  George  Starling. 
I       George  Stannage. 
Martill  Wilson. 


Students  . 


Harold  J.  Brooke. 
Mortimer  Arthur  Codd. 
Emil  Samuel  Conradi. 
Ernest  Salomon  Lance. 
John  Bernard  Langford. 
John  Milton. 


Christopher  Stewart. 
Harold  Dalrymple  Symons 
Cyril  Frederick  Thatcher. 
Albert  Isaac  Tracey. 
Rupert  Harold  Waite. 
John  Warrack. 
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ELECTRICAL  TLME-SERVICE. 

COXTIXLATION   OF    DISCISSION   OX   THE    PaPEK   BY    F.    HOPE-JOXES. 

Mr.  C.  PirTTKAMMKR  [communUaUJ  *]  :  In  his  paper,  Mr.  Hope- 
Jones  omitted  to  refer  to  the  work  of  the  Xonnal  Time  Company 
fOeNcllschaft  Normal  Zeit',  which,  Mnee  the  year  1894,  has  been 
working;  in  Berlin  a  >ystem,  whereby  all  clocks  connected  with  their 
central  station  have  been  rcf^ulated  and  have  been  proxided  u*ith  all  the 
contrivances  which  would,  in  the  opinion  of  the  author  of  the  paper, 
constitute  the  ideal  of  an  organisation  of  this  kind  in  London.  The 
Company  has  already  established  5.0CX)  connections  in  Berlin  alone, 
including;;  all  the  State  buildings,  and.  in  fact,  all  the  establishments  in 
which  it  is  necessary  to  keep  correct  time.  The  technical  points  of  the 
system  are  not,  however,  entirely  in  accord  with  Mr.  Hope-Jones*  views. 
The  principle  hitherto  followed  in  the  synchronisation  of  "In- 
dependent P21ectric  Clocks"  (see  p.  121,  Class  2a)  has  been  to  regulate 
the  working  of  the  clocks  about  once  a  day.  The  clocks  which  the 
author  classes  as  2b  have  no  independent  clockwork  ;  but  the  hand  is 
moved  forward  a  certain  space  by  electric  current  at  short  intervals.  In 
neither  system  is  it  possible  to  ascertain,  in  the  event  of  disturbance  or 
interruption,  whether  the  current  really  fulfils  its  function  or  not.  If 
the  circuit  becomes  disconnected,  the  clock  referred  to  in  Class  2a  will 
continue  to  go,  as  if  nothing  had  happened,  whilst  the  regulating  con- 
trivance will  cease  to  act,  and  there  is  always  the  risk  of  some  mishap 
occurring,  whilst  the  customer  remains  under  the  impression  that  his 
clock  is  right.  In  Class  No.  26  the  clock  will  simply  stop  until  the 
fault  has  been  repaired.  But  in  either  case  it  is  necessary  to  notify  the 
central  station  of  the  disturbance.  This  was  also  the  reason  why 
previous  undertakings  have  failed  to  attract  the  confidence  of  the 
public. 

The  Paris  organisation  of  Popp  has  thus  failed  up  to  the  present  to 
form  an  extensive  connection,  and  the  concern  started  by  the  Allge- 
meine  Klectricitiits  Gesellschaft  proved  a  failure. 

The  Normal  Time  Company  is  the  only  concern  which  has  hitherto 
succeeded  in  achieving  good  results  in  this  direction.  This  Company 
started  on  the  principle  that  it  is  not  sufficient  merely  to  regulate  and 
wind  up  the  clock,  but  that  the  main  point  is  to  exercise  a  permanent 
control  over  the  correct  working  of  the  time-pieces  connected  with  the 
central  station.  A  time-piece  continually  regulated  from  the  observa- 
tory by  the  Jones  system  exercises  regular  control  over  the  clocks 
connected  by  it  by  means  of  a  current  entering  the  circuits  at  certain 
intervals  and  being  cut  off  after  a  given  time.  The  clocks  arc  switched 
on  to  these  circuits  at  certain  times  appointed  accurately  beforehand, 
and,  in  their  proper  order,  receive  the  regulating  current  and  are  then 
switched  off  again,  whereupon  the  next  clock  becomes  switched  on  and 
so  forth. 

'  Received  too  late  to  be  included  in  the  account  of  the  discussion  on  this 
paper  /vide  this  Volume,  pp.  119-153). 
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K*  aljove  a!J  things  simple.  I  am  convincefl  that  no  HV^teit*  haw  ii 
ehancc  of  temunerattve  adoption  in  Ihi**  country  wluth  fci|nirL'"  i  (i) 
Indepc^ndent  ^ime-mt■a^uring  mechanKm-*  wherever  elrick  ftite**  are 
desired,  (2)  a  method  of  !»yuchroniM»g  these  al  (he  dlclAtiutt  ol  iv  mA^\i^ 
clock,  and  (3)  a  method  of  mdkathn  ;if  hefidquiu-terii  to  re{^OT\  \u  ^h«fc\ 
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.extent  No.  i  has  siiccccdcci  or  failed  in  its  duty  of  measuring  time,  and 
also  to  what  extent  Xo.  2  has  succeeded  or  failed  in  its  duty  of  correct- 
ing No.  I .  Surely  such  a  system  savours  too  much  of  the  accumulation 
of  automatic  devices  superimposed  one  upon  another  to  correct  evils 
but  not  to  cure  them. 

I  d(5  not,  however,  ignore  the  advantages  of  "reporting"  systems; 
indeed,  I  advocated  them  in  a  contribution  to  an  electrical  journal  some 
years  ago,  and  I  have  no  doubt  lliat  the  method  described  by  Herr 
Puttkamnur,  in  wliich  each  clock  in  turn  imbibes  synchronisation  from 
a  common  circuit,  is  an  excellent  one,  but  I  submit  that  in  Herlin  they 
begin  with  the  wrong  thing,  and  consequently  require  a  most  elaborate 
system  to  keep  it  to  time. 

I  would  begin  with  one-wheel  electrically  propelled  dials,  and 
arrange  the  mains  and  sub-circuits  in  such  a  manner  that  a  disconnec- 
tion or  other  electrical  fault  would  be  apparent  in  the  central  station. 
In  cases  where  large  circuits  and  heavy  responsibilities  require  it, 
automatic  methods  of  reporting  the  accuracy  of  the  dials  might  be 
applied. 
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Institution  of  (i'lcrtrifal  (I'n^inccrs. 

Founded  1K71.       huarfiorakd  1883, 

190GU  No.  144. 

Three    Hundred   and    Forty-first    Ordinary   General 

ting  of  the  Institution  was  lield  at  the  Institution  of 

Civii  EngineerH,  25,  Great  George  Street,  Westminster, 

Ion  Thursday  evening,  F'ebruary  8th,  1900 — Professor 

ILVANUS  P.THOMr'SON,  F.RS.,  President,  in  the  Chair. 

minutes  of  the  Ordinary  General  Meeting  held  on 
15th,  1900,  were  read  and  approved. 

It;   names  of  new    candidates    for    election    into    the 
ition  were  announced,  and  it  was  ordered  that  the  hst 
I  ltd  be  suspended  in  the  Library, 

The  following  transfers  were  announced  as  having  been 
Uipproved  by  the  Council — 


From    the   class   of   Associates    to    that    of    Associate 

tnbers  : — 


Wal ter  J ,  Be  Isc y,  I         G forge  l.>o li gl us  C ol I i it s, 

|,  F.  M*  B^rnnelt,  |  Victor  Jacques  l>ekbccque. 

Charles  Stirling. 

[From  the  class  of  Students  to  that  of  Associates- 


Alfred  Norman  l>ixe>%  I  Sydney  Rich*ird  Inch. 

^  John  Henry  Johnson. 

*  Messrs.  A.  E*  Levin  aiid  S*  J.  Clay  were  appointed 
l^xutineers  of  the  ballot  for  the  election  of  new  members. 

Ha  donation  to  the  Library  was  announced  as  having 
Hti  received  since  the  last  meeting  from  Mr.  J.  E.  Pelavel, 
n  whom  the  thanks  of  the  meeting  were  unanimously 
tccorded* 

,The  President  :  I  have  an  announcement  to  make  to 
9U  xxik.  20 
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the  Institution  which  shows  us  that  our  late  Past-President, 
Professor  Hughes,  bore  us  in  mind  even  to  the  last,  he 
having  left  us  a  bequest  in  his  will.  I  have  received  a  letter 
from  Mr.  Christmas,  who  was  his  solicitor,  dated  February 
6th,  enclosing  the  following  extract  from  the  will : — 

"  I  direct  and  declare  that  the  Legacy  of  Two  Thousand 
pounds  so  bequeathed  to  the  said  Institution  of  Electrical 
Engineers,  of  which  1  am  Past-President,  shall  be  invested 
by  them  in  any  manner  for  the  time  being  authorised  by 
Law  for  the  investment  of  Trust  funds  for  the  purpose  of 
founding  in  connection  with  that  Institution  a  Scholarship 
Fund  to  be  called  the  David  Hughes  Scholarship  Fund. 
And  I  direct  that  the  annual  income  produced  by  the 
investments  for  the  time  being  constituting  that  F'und  shall 
be  given  each  year  to  a  Student  preparing  himself  for  the 
career  of  an  Electrical  Engineer  under  conditions  similar  in 
all  respects  to  those  under  which  the  Fund  now^  known  as 
the  Sir  David  Salomons  Scholarship  Fund  is  administered, 
but  so  that  if  and  so  often  as  for  any  reason  the  Scholarship 
hereby  founded  shall  not  be  for  any  given  year  awarded  to 
any  Student,  the  annual  income  of  the  Fund  for  that  year 
shall  be  invested  in  manner  aforesaid  and  added  to  the 
Capital  of  the  David  Hughes  Scholarship  Fund." 

On  receipt  of  this  letter  1  acknowledged  it  to  the  solicitor 
in  Ihc  name  of  the  Institution,  iind  1  am  sure  you  would 
wish  to  join  with  the  Council  in  sending  a  formal  expres- 
sion of  grateful  acceptance  by  the  Institution  to  the 
Executors  of  our  late  Past-President. 

The  Secretary  will  now  read  the  list  of  Officers  and 
Committee  elected  by  the  Newcastle  Local  Section  of  the 
Institution  at  their  last  meeting. 

The  Secretary  read  the  list  as  follows  : — 

OfFKKKS  and   COMMIITEE   OF  THK    XkWCASTI.K    LOCAL  SECTIUN. 

Cliiiinnan — A.  \V.  Heavisido. 
ViiC-Chainmui — W.  I).  Hunter. 

Committee. 

C.  Jkinict.  '        J.  A.  Jcckcll. 

H.  F.  Fric(lrick>.  \V.  C.  Mountain. 

J.  H.  Holmes.  The  Hon.  C.  A.  Parsons. 


Hon.  Scactary—].  F.  C.  Snell. 
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law.j    THE  STAXDAROISATION   OF   ELECTRICAL  PLAXT         »! 

THE   STANDARDISATION   OF  ELECTRICAL       ^/ 
EXGIX BERING    PLANT, 

By  R  Percy  Sellon,  Member. 

To  the  user  of  eleclrical  engineering  plant,  nol  less  than 
to  the  producer,  the  subject  of  its  stTridardisation  is  one  of 
great  practical  importance- 

By  **  standardisation  *' is  meant  the  general  acceptance, 
to  a  far  greater  extent  than  at  present  obtains  in  this  countr)*, 
of  certain  standards  of  output,  qualttVp  efficiency,  or  other 
chanict eristics  of  electrical  engineering  plants  to  meet  ordi- 
nary requirements  of  usage  for  light,  traction,  and  power. 

I.  Of  the  four  chief  ingredients  of  successful  competitive 
production,  vh.  :  (a)  cheap  labour  (not  to  be  confounded 
with  low  w^es)  I  (b)  cheap  materials  ;  (c)  efficient  manage- 
ment, and  (if)  repetition  manufacture,  much  has  been  said 
and  written  of  the  first  three,  but  Httle  of  the  last.  And  yet 
ev^ery  manufacturer  of  experience  knows  that  it  is  as  influ- 
ential a  factor  in  determining  not  only  his  own  profit,  but 
decisive  advantages  to  the  user,  as  any  of  the  factors  of 
labour,  materials,  or  supervision.  In  order  to  convince 
oneself  of  this,  it  is  only  necessary  to  consider  the  influence 
of  repetition  manufacture  upon  the  price  and  reliability  of 
-my  article  of  common  use, — say,  in  our  own  industry, 
incandescence  lamps  and  their  accessory  fittings,  in  respect 
uf  which  some  measure  of  standardisation  has  been  evolved  ; 
and  to  reflect  what,  on  the  other  hand,  the  cost  would  be  if 
many  manufacturers  or  users  adopted  dififerent  standards. 

In  the  early  years  of  an  industry,  experiment  and  develop- 
ment by  trial  and  error  are  desirable  and  inevitable  in  order 
to  ascertain  the  possibilities  and  limitations  of  the  arL  But 
4S  the  stage  of  repetition  public  demand  is  reached,  stan- 
dirdis^ition  becomes  incre;isingly  possible  and  advantageous* 
Us  ad\'ance  is,  however,  liable  to  be  retarded  by  a  number 
of  causes,  notable  among  which  are  the  folly  of  some 
i'roducers,  and  the  ignorance  of  many  users. 

There  are  always  some  manufacturers  who  think  that  by 
supplying  a  special  or  unique  type  of  apparatus  to  the  buyer 
^hey  will  force  him  into  placing  his  future  orders  with  them. 
Htace  they  resist  any  tendency  towards  standardisation, 
Thgr^gg  also  many  buyers  who  allow  tlieinselvi?^s  to  be 
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permaikd  toto  the  bdief  tiial  to  securti^  sotDclbtng  new 
and  different  from  pmious  usage  tbey  are  doii^  wed  lor 
theitiselves  and  giving  evid«mce  of  sttpcriar  mtdltgence; 
vherea."^  the  probability  is  that  they  are  payitig  a  hi^er 
price  for  a  le^s  reliable  article. 

There  is  a  third  cla^  who  believe  that  btandardt^tion 
is  the  business  of  the  producer  only  :  and  thai  the  itsaer  need 
not  c<Micem  hitttself  to  as^t  in  brniging  about  a  condition 
of  things  for  which  esrery  manuf^ictiirtrr  who  knows  his 
btthjness  eagerly  strives.    This  view  is  erroneoas* 

The  intelltgent  producer  is  undoubtedly  deeply  c<.in- 
eerned  in  the  ad^^ent  of  stmdardi^sitjon  ;  because  it  meam 
for  him  the  possibility  of  repetition  manufacture— on  t!ie 
manifold  advantages  of  which  it  is  not  necessary  to  dwell. 

But  to  the  ujs^r,  if  he  would  only  reali^^e  it*  the  fruits  of 
standardisation  are  equally  beneficial ;  for  Ihey  in\T>lvc  for 
him  the  following  advantages  :— 

(a)  Less  capital  outlay. 

(b)  Prompt  delivery- 

(c)  Immunity  from  the  risks  attendant  on  noirel  designs. 

(d)  Full  manufacturer's  guarantees, 

2.  Viewed  from  the  ''patriotic  **  standpointi  this  subject 
acquires  also  special  significance  in  th^e  days  of  acute 
struggle  between  British ,  Ameri^n,  and  Continental  manu- 
facturers for  our  own  and  the  world's  markets  in  electrical 
wares. 

The  causes  which  underlie  the  ability  of  American  and 
Continental  producers  to  compete  keenly  and  successfully 
with  the  British  electrical  manufacturer  are  several,  ;uid 
generally  outside  the  scope  of  this  paper.  But  conspicuous 
among  them  is  the  fact  that  the  former  have  (as  any  one 
who  has  visited  their  leading  workshops  can  testify)  attained 
to  a  degree  of  repetition  manufacture  superior  to  the 
British  producer. 

This  fact  is  so  noteworthy  as  to  constitute  in  itself  a 
telling  argument  in  favour  of  increased  stand  iirdi  sat  ion 
among  us  ;  for  the  flood  of  American  electrical  engineering 
plant  iiilo  Great  Britain  is  swelling  in  spite  of  the  fact  that 
we  have  the  advantages  of  lower  wages^  (on  the  whole) 
cheaper  materials,  and  a  longer  experieucc  of  factory 
organ  isat  id  n« 

3.  It  therefore  becomes  import|a0^jl^^gu^^ 
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the  cause  of  this  preferential  position  held  by  our  foreign 
rt\%ilii.  The  cxphinatinn  would  appear  to  he  in  a  diflerence 
of  procedure. 

According  to  American  and  Continental  practice  the 
producer  determines,  in  a  large  measure,  the  character  of 
the  plant  employed  by  the  user  ;  while  according  to  British 
custom  the  buyer  very  generally  imposes  upon  the  manu- 
facturer not  merely  a  specification  of  the  ends  he  wishes  to 
attain,  but  the  details  of  means  by  which  he  desires  those 
cuds  to  be  achieved, 

Tliis  is  due  to  the  fact  that  under  the  American  and 
Continental  system  producers  largely  secure  outlets  for  their 
manufactures  through  the  agency  of  powerful  financial 
organisations  created  by  and  aUied  to  their  interests,  who 
ure  ct>ncerned  simply  with  commercial  results,  and  are 
conteivt  to  leave  the  techiiical  means  of  attaining  thent  to 
the  man ufactii ring  interests  with  whom  they  co-operate* 
In  America  these  organisations  take  the  form  of  colossal 
Trusts  or  consolidatioiis  of  competing  interests ;  on  the 
Continent  that  of  Industrial  Banks,  In  either  case  there  is 
a  close  relation  between  producer  and  buyer. 

In  Great  Britain,  on  the  other  hand,  the  demand  for 
electriail  engineering  plant  in  recent  years  has  issued 
chiefly  from  local  authorities,  or  from  private  users  uncon- 
nected with  any  manufacturing  interests ;  and  these  have 
\*tfry  naturally  had  recourse  to  electrical  engineers  acting 
in  a  consulting  capacity  or  passing  permanently  into  their 
service,  to  guide  them  in  the  choice  of  plant  to  fnUil  their 
requirements* 

That  the  pr;ictical  operation  of  this  system  in  the  past 
lias  been  primarily  responsible  fur  the  relative  absence  of 
standardisation  in  this  country,  with  its  attendant  evils 
alike  to  user  and  producer,  appears  certain*  For  the  user  s 
engineer  has  frequently  been  out  of  touch  with  mannfac- 
lurers  J  and  the  temptation  to  strike  out  on  new  and  *'  showy  " 
hues,  suggestive  of  individuality,  ability,  or  foresight,  has,  in 
the  very  nature  of  things,  been  great.  The  result  has  beeti 
the  issue  of  specifications  too  ofteji  calling  for  wanton 
divergences  from  previous  practice  or  existing  manufacturers' 
*'tand;u'ds. 

The  source  of  the  evil  is  traceable  to  the  fact  that  the 
Iniyer's    engineer  hiis  gradually   overstepped    the   rational 
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fttoctiofi  of  itatijig  the  cods  or  perf onnance  rcqim«d  bv  the 
biffCTf  aiid  liai  proceeded  to  ^>eciJy  in  mintitc  detail  tht: 
iiuani  or  oonstructionaJ  methods  bjr  which  the  rc^mred 
rmaiU  are  to  be  achieved,  without  taking  r^Kinsjhility  for 
the  residL 

It  h  not  neoeseaiy  to  addtice  specific  exainples  in  iUus* 
trafjon  of  this  f;tatement,  because  tlie  author  beHe%^es  that  it 
h  one  mliich  no  fatr-mtnded  electrial  engineer  acquainted 
wilh  the  facts  will  dispute.  There  is  no  difficulty  in  pro- 
dticing  overwhelming  evidence  of  its  truth  if  soch  be 
required* 

To  ttie  !arne  primary  cause  may  probably  be  traced  the 
variety  in  §ij6e  and  character  of  the  power  units  in  many  of 
the  central  stations  of  Great  Britain— another  instance  of 
**  ^piendtd  iwjiation"  in  our  methods ;  for  foreign  practice  is 
at  one  in  adopting  fewer  and  larger  units,  uniform  in  sijce 
and  character  from  the  commencement.  WTiether  ad\*an- 
tages  of  temporarily  reduced  capital  outlay  and  higher 
cffictency  under  our  system  are  a  sufficient  compensation  for 
loHs  of  interchangeability  and  periodical  relegation  of  plant 
to  the  old  metal  market,  remains  to  be  proved  when  the 
bills  are  presented  later  on  and  contrasted  with  one  another* 
Meantime  it  is  interesting  to  note  that  one  result  of  our 
procedure  is  the  comparative  unpreparedness  of  British 
manufacturers  to  compete  with  foreign  producers  in  the 
common  markets  of  the  world  as  regards  large  units, 

4,  Whether  British  collectivism  is  on  the  whole  a  more 
healthy  medium  than  American  or  Continental  private  enter- 
prise for  the  progressive  growth  of  the  electrical  engineer- 
ing  industry  is  a  large  question  outside  the  scope  of  this 
paper.  We  have  here  to  accept  it  as  a  fact,  and  consider 
whether  an  evil  which  it  has  brought  in  its  train  is  a 
necessary  one  ;  and  if  not,  how  it  can  he  averted  for  the 
future. 

Assuming,  then,  that  the  buyer*s  engineer  has  come  to 
stay,  it  would  appear  that  a  condition  precedent  to  the 
standardisation  of  plant  is  the  standardisation  of  the  buyer's 
engineer* 

The  fundamental  fact  requiring  appreciation  is  that 
standardisation,  to  the  greatest  degree  possible,  is  in  the 
interest  of  the  user  at  least  as  much  as  Itiat  of  the  manu- 
facturer, 
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From  this  we  may  pass  on  to  pa^tulate  that  st.iiiclardisa> 
imn  is  primarily  the  function  of  the  producer  and  not  of  Ihc 
user  or  his  engineer,  beaiust:  the  former  is  in  *i  better  posi- 
tion to  determine,  experimentally  and  by  his  n^^ro  intiniatt" 
knoAvledge  of  the  me;xns  of  production,  the  direclion  and 
tfxtent  to  which  it  is  imssibic.  Inasmuch  as  the  nianu- 
iacturer's  success  is  dependent  on  the  jiid|iint"nt  w  ilh  which 
he  creates  or  responds  topuhUc  demand,  there  exii^ts  always 
an  efficient  safeguard  that  he  will  not  (consciously)standjirdrst; 
on  unsuitable  or  inefficient  lines. 

The  user,  on  the  other  hand,  is  of  course  (he  proper 
judge  lis  to  the  results  he  wishes  to  achieve, 

It  would  apjiear,  therefore,  that  the  initial  obstacle  to  a 
•greater  measure  of  standardisation  than  at  present  obtains 
would  t>e  removed  if  the  user  or  Ins  engineer  would  confine 
iiimself  to  statin|(  tlie  ends  he  lia?^  iii  view,  leavinf(  it  Ui  the 
producer  to  furnish  the  means  whereby  they  may  be  attained. 

if  this  procedure  were  adopted,  users  would  still  ret;iin 
full  liberty  of  choice  between  the  products  of  dilfereirt  manu- 
facturers, while  the  latter  would  have  an  opportunity  (which 
under  the  present  system  of  detailed  speciiuafions  (hey  do 
not  enjoy)  of  undertaking  repetition  manufacture,  assiunin^ 
that  they  have  sufficient  contidenGc  in  the  substantial  har- 
mony between  their  designs  and  pul>lic  re«.piirements  to  take 
the  risk  of  quantitative  production* 

This  system  WTmld  have  the  incidental  advanta^^e  that  the 
producer  could  then  be  properly  called  upon  to  j^^uarantee 
results,  since  the  responsibility  of  select in|4  \hv  means  to 
attain  them  would  rest  exclusively  with  him.  The  present 
custom  too  often  imposes  upon  the  manufacturer  a  mass  of 
fantastic  detail  emanatini^  from  the  brain  (A  llie  user  f>r  his 
engineer,  for  which  lie  is  calletl  upon  to  take  responsibility  ; 
an  illogical  system  w^hich  ctui  only  be  compaied  to  the  |>ro* 
position  that  every  man  should  be  expected  to  father  another 
man's  child. 

It  may  lie  objected  that  the  general  adoption  of  the 
course  suggested  would  lead  to  stagnation  in  develop^ 
ment,  and  that  the  producer,  relieved  from  the  cojistant 
pressure  of  change  now^  exerted  by  the  user,  would  settle 
down  to  the  perpetuation  of  antiquated  designs — to  the  dis- 
ad\*antage  of  the  public  and  the  fetish  of  I^rogress*  The 
yhis  is,  tirstlVp  that  much  of  the  change  hither 
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(ii)  Sleaiii  pressure* 

(/i)  Electrical  pressure  of  generation. 

(r)  Electrical  pre.ssure  of  distrihutioju 

{iti  I'criodicity  of  alternate  current  generation, 

(<')  Sizes  of  geneniting  steam  Luiits— (say  in  convenient 
fractions  or  multiiTles  of  horse-power  or  kilowatts). 

If)  Sixes  of    mains   (say   in   convenient    fractions    or 
multiples  of  a  square  inch  or  other  unit), 

(jf)  Sizes  of  motors  ; 
and  similarly  as  regards  transformers,  arc  and  inc;indescence 
lamps,  and  essential  fittings  and  accessories. 

That  much  can  be  done  in  this  direction  is  evidenced  by 
the  ease  and  rapidity  with  which,  as  regards  electric  traction, 
we  have  acquiesced  in  the  standards  of  pressure,  general 
constniction,  and  types  of  motors,  trucks,  and  accessories, 
prevalent  in  America.  There  can  be  little  doubt  that  had 
practical  electric  traction  originated  with  us,  instead  of  being 
an  imported  art  from  the  United  States,  we  would  still  be 
in  the  stage  in  which  buyers'  engineers  would  be  creating 
different  **  standards  "  of  their  own  composing,  while  every 
producer  would  be  expected  to  manufacture  and  guarantee 
a  corresponding  variety  of  designs. 

The  author  understands  that  most  of  the  leading  electric 
cable  manufacturers  in  this  country  have  already  adapted, 
by  agreement  among  themselves,  certain  standards  in  their 
own  depart  me  [it  of  product  ioii<  The  question  of  standard* 
isation  has  also  for  some  time  received  attention  at  the 
hands  of  the  Electrical  Engineering  Plant  Manufacturers' 
Association,  Again  the  Municipal  Electrical  Association,  a 
body  thoroughly  representative  of  the  municipal  user's 
interests,  has  given  evidence  of  its  readiness  to  co-operate 
with  uianufacturers  in  the  direction  of  standardiscition  of 
the  commercial  conditions  of  contracts  for  electrical  plant. 
Its  representatives  have  met  in  conference  representatives 
of  llie  Electrical  Engineering  Plant  Manufacturers'  Associa- 
tion and  have  agreed  upon  certain  genenil  conditions  as 
a  basis  for  ^specifications  of  plant  required  by  local  authori- 
ties ;  and  the  outcome  has  undoubtedly  been  beneficiaL 
It  is  evident,  therefore^  tliat  the  whole  subject  is  ripe  for 
consideration  on  the  broijder  basis  of  harmonising,  by 
adequate  representation  and  discussion,  all  sections  of  users' 
jnlerests  with  those  of  producers, 
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6.  It  i^  not  p()s>ible  to  enter  in  this  paper  upon  the  con- 
^idcnition  ot  the  actiuil  fo^mula^  which  might  constitute 
•*t;iiuLircls  fcir  the  future.  This  is  a  very  large  and  important 
quc-»tion  demanding  much  careful  thought  and  discussion. 
The  in;ichiiKTy  for  this  purpose  already  exists,  at  any  rate  as 
a  nucleus,  in  the  rniformity  Committee  of  this  Institution, 
appointed  shortly  after  the  submission  of  a  highly  suggestive 
paper  on  "  I'nif.M  inity  of  Plant,"  by  Mr.  C.  H.  Wordingham, 
before  the  Municipal  Electrical  Association  in  the  summer 
of  iS<>S.  But  beyond  a  word  of  advice  on  the  subject  of 
stanil.ird  periodicities,  nothing  has  so  far  issued  publicly 
from  the  deliberations  of  this  Committee  extending  over 
ei,L;Iileen  months.  At  this  rate  we  may  become  irretrievably 
committed  to  many  steps  which  all  may  live  to  regret,  before 
effective  results  are  obtained  ;  for  an  unexampled  expansion 
in  every  department  of  electrical  engineering,  notably  those 
of  electric  traction  and  o(  power  distribution  over  extensive 
areas,  appears  about  to  take  place  in  this  country. 

The  author  ventures  to  suggest  that  additional  weight  and 
acceleration  to  the  work  of  the  Committee  of  the  Institution 
would  be  i^iven  if  it  were  strengthened  by  the  addition  of 
representatives  of  all  interests  concerned,  viz.,  those  of  the 
manufacturer,  user,  consulting  engineer,  and  user's  engineer. 
The  Institution  might  also  encourage  the  submission  of 
papers  suggestive  of  standards  for  various  classes  of  electrical 
engineering  plant  and  accessories.  These,  together  with  the 
views  which  would  be  brought  out  in  discussion,  would  serve 
as  a  valuable  guide  to  a  representative  Committee. 

In  conclusion,  the  propositions  which  the  author  has 
endeavoured  to  establish  may  be  briefly  recapitulated  as 
follows  : — 

(ii)  Standardisation,  to  a  greater  degree  than  at  present 
exists,  is  in  the  interest  of  the  manufacturer  ;  as  a 
means  of  facilitating  repetition  production  and  of 
meeting  the  competition  of  standardised  foreign 
manufactures. 

(/))  Standardisation  of  "ends  "  or  "  performance " as  dis- 
tinct from  "  means"  or  "constructional  details  "  is 
equally  in  the  interest  of  the  user  ;  by  securing  for 
hinrJow  purchase  cost,  prompt  delivery,  freedom 
tr(uii^^*  risks  of  experimental  design,  and  full 
manufa^^iJ'er's  guarantees. 
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(c)  The  relative   absence   of    standardisation    in   Great 

Britain,  in  contrast  with  other  countries,  is  mainly 
traceable  to  the  prevailing  system  wherein  the 
user's  engineer  specifies  "means"  or  "construc- 
tional details,"  instead  of  confining  himself  to 
"  ends  "  or  "  performance." 

(d)  The  determination  of  standards  by  organised  effort, 

rather  than  by  the  slow  and  costly  process  of "  trial 
and  error,"  is  desirable,  and  should  be  undertaken 
under  the  auspices  of  the  Institution  of  Electrical 
Engineers,  as  representing  the  interests  of  both 
producer  and  user. 

P.S. — The  accompanying  table  of  Central  Stations  in 
Great  Britain,  with  particulars  of  system,  periodicity,  generat- 
ing pressure,  and  distributing  pressure  employed,  is  adduced 
for  the  convenience  of  members. 
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'Hiblc  shoii*iii^  System  in  Periodicity,  Generating  Pressnie 
and  Distribntin^i  Pressure  in  the  Central  Stations  of 
Great  Britain. 
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SYSTKM. 

Pkriods. 

GKXERATIXt 
PRKSSLRE. 

Pkrssikk 
AT  Lamps. 

f\J 

Volts. 

Volt*. 

Aberdeen           

Direct  Three-Wire 

1           448 

220 

Aberystwith       

Alternating 

ICO 

2,050 

100  &  220 

Alderley  Ed^e 

Direct  Three- Wire 

420-460 

210 

Altrincham         

Alternatinfr 

J<o 

2,000 

100 

Ashton-under-Lyne 

Direct  Three- Wire 

1         440 

,   Traction 

1       550 

1        200 

1 

Ayr          

Alternating 

(rO 

1      2,100 

100  &  2CO 

Harking 

Direct  Three- Wire 

4^)0-500 

230 

Barnslcy 

Do. 

450 

230 

Barrow 

H.  T.  Continuous 

;      1,100 

220 

Bath        ; 

Alternating 

lOO 

'      2,000 

100 

Bedford 

Do. 

()0 

'      2,000 

100 

Belfast     

Direct  Three-Wire  i 

1   440-500 

220 

Bexhill     

Do. 

!           440 

... 

Birkenhead        

Do.           ; 

... 

460 

230 

Birininghani      | 

Do. 

... 

1 10  &  220 

Blackburn          i 

Alternating          ...  ' 

50 

2,000 

110  &  220 

Ditto 

Direct  Three- Wire 

230-250 

IIO&220 

Blackpool           

Alternating          ...  i 

«3 

2,000 

200 

Bolton      

Do. 

«3 

2,000 

100 

Bournemouth     | 

Do. 

100 

2,200 

100  &  200 

Bradford 

Direct  Three-Wire 

250  &  500 

230 

Bray        1 

Alternating 

()0 

^,000 

100 

Brighton ' 

Direct  Three- Wire 

300 

1 15  &  230 

Ditto 1 

Alternating 

70 

2,400        ' 

115  it  230 

Bristol     

Do. 

93 

2,050        1 

105  or  2 10 

Burnley i 

Direct  Three-Wire 

220-240    ! 

220 

Burton-on-Trent           ...  ; 

Alternating 

75 

2,000        1 

100 

Bury        1 

1 

Direct  Three- Wire 

230 

220 

Cambridge         ' 

Alternating 

C>0 

2,000 

100  &  200 

Canterbury         I 

Direct  Three- Wire 

440 

220 

Cardiff     .'. 1 

Alternating 

40 

2.500 

100^^200 

Charing  Cross  Co.        ...  | 

Direct  Three- Wire 

100  &  1,000 

100  &  200 

Carlisle 

Do. 

460 

230 

Chatham ' 

Alternating 

100 

2,400 

100 

Chelmsford        1 

Do. 

lOO 

2,100 

100 

Chelsea i 

Direct  Three-Wire 

1 

... 

100  &  200 

Cheltenham       

Alternating 

93 

2,200        ' 

100  &  200 

Chester 

Direct  Three- Wire 

__ 

440          1 

210 

Chislchurst         ' 

1 

Do. 
I'sing   Motor-Altr.  , 
and  buying  H.T. 

! 

1 

Energy 

... 

420 

210 

City  of  London i 

Alternating 

100    1 

2,000 

100  &  200 

Coatbridge         

Do. 

100 

2,080 

100 

Colchester         ' 

Direct  Three-Wire 

220 

105 

Cork        1 

Do. 

500         1 

230 

1900.] 
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Name  of  Station. 

System. 

Periods. 

Generating 
Pressure. 

Volts. 

Pressure 
AT  Lamps. 

ru 

Volts. 

County  of  London 

Alternating 

100 

2, 100-2,200 

100 

Direct       

530 

Power  510 

Alternating  (2- 

• 

'    phase     

50 

2,IOO-2,20C 

200 

Coventn' 

1  Alternating 

H7 

2,000 

200 

Croydon  

!           Do. 

60 

2,000 

200 

Crystal  Palace  Co. 

IH.T.  Direct 

1 

1, 000-1,  IOC 

100 

Darwen 

[Direct  Three-Wire 

4f)o-5oo 

230 

Derby      

(Alternating         ...  , 

40 

2,000 

102  &  205 

Dewsbury          

Direct  Three-Wire , 

250 

1 10  &  220 

Dover      

Alternating 

100 

2,000 

100 

!  Direct  (Tramway) 

500 

500 

Dublin     

'  Alternating         ...  j 

»*3 

2,100 

100 

Dundee 

Direct  Three-Wire , 

220 

200 

Eating     

Alternating 

Series     D.C.     Arc ' 

40 

2,000 

102 

1     Lighting           ...  ' 

1,800 

100 

Eastbourne        

Alternating          ...  ' 

Series     D.C.     Arc ' 

1     Lighting           ...  ! 

«3 

1,800 

100 

Ecclcs      

1  Alternating          ...  ; 

50 

2,000 

200 

Edinburgh          

1  Direct  Three- Wire  , 

1 15  &  230 

1  Alternating 

50 

2,100 

Exeter     

1           Do. 

;  Series     D.C.     Arc ' 
Lighting            ...  ' 

1                              .     1 

lOO       ' 

2,000 
1,600 

100 

Folkestone         

Direct  Three- Wire  i 

1 

460 

210 

Galway 

1 
Direct       i 

•30 

no 

Glasgow 

Direct       ! 

$oo8i(ioo 

250 

(Jloucester         

Direct  Three-Wire  ! 

1 

250 

Guildford           

Direct       1 

400 

200 

Halifax 

Alternating          ...  i 

Direct   for    Tram-  i 

ways  and  Power  | 

8o      1 

2,000 

200 

Hammersmith 

Alternating 

50   ; 

2,200 

110 

Hampstead        

Do.          ; 

Series     D.C.     Arc 
Lighting           ...  1 

</)      , 

2,000 
i.;»oo 

100-105 

Hanley 

Alternating 
Series    D.C     Arc.  I 
Lighting           ...  | 

100 

2,000 
1,500 

200  &  100 

Harrogate          

Alternating         ...  ^ 

50 

2,000 

200  ik  100 

Harrow 

Direct  Three- Wire ; 

470 

220 

Hastings 

Alternating          ...  | 

lOO      ' 

2,000 

100  &  200 

Hove       

Direct  Three-Wire  , 

220 

220 

Huddersfield      

Alternating          ...  , 

loo     ! 

2,000 

100  &  200 

Hull         

H.T.  &  L.T.  Direct 

! 

2,250,  450 
&  225 

1 10  &  220 

Islington 

Alternating         ...  ; 

50      i 

2,000 

100  &  200 

Kelvinsidc         

Direct       

150 

100 

Kensington  &  Brompton 

Alternating 

2,000 

100 

^n                   SELLOX 

:  THE   STANDARDISATION   OF 

[Feb.  8th, 

N'lMfc  fif  -nwwis. 

S\>TKM. 

PEKIOIKv 

Gexeratixg 
Pressure. 

PSCSSl'RE 
AT  L.\SIPS. 

ru 

Volts. 

Volts. 

Kcmingtori  &    KnighLs- 

bridge 

Direct  Three-Wire 

... 

1 10  &  220 

100  &  200 

Keswick 

Alteriiating 

75 

2,000 

... 

KilUrriey            

Do. 

lOO 

2.000 

100 

King'jton-'in-Thamo    ... 

Do. 
D.C.  Arc  Lighting 

77 

2,100 
1,000 

105 

I^ambcth 

Alternating 

... 

I^ricastcr           

Direct  Three- Wire 

240  &  120 

200  &  100 

I^ariie      

Alternating 

lOO 

2,200 

100 

I^eamingrofi       

Direct      i 

113 

... 

lAM;d,       

Alternating 

«3 

2,000 

100  &  200 

IxMCf^tcr 

Do. 

50 

2,000 

100&  JOO 

Uith        

Direct  Three-Wire 

460 

230 

Ixrytoii     

Do. 

... 

150 

Lincoln    

Do. 

... 

460 

230 

LivcrfKXil            

Direct       

... 

230 

Llandudno          

Direct  Three- Wire 

440 

220 

ly^ndon  i parti     

Alternating 

«3 

10,000 

... 

Jy^fidonderry     

Continuous       Arc 
Lighting 

3.000 

... 

Manchester          

Direct  Multi-Wire 

40D 

100,  200, 

300  or  400 

Mtiiopilitan  Co. 

Alternating 
Direct  Three- Wire 

... 

200  &  100 
200  &  100 

Middlcbbrouf^'h 

Direct       

440 

Monmouth         

Alternating 

Oo 

3,000 

120 

Morccambc        

Direct       

1,400 

220 

Morlcy 

Alternating 

(» 

2,000 

200 

NclvHi     

Direct       

120 

112 

Nc\vcaj>tlcHjn-Tync  (part) 

.Vltemating 

100 

2,000 

100 

Do. 

80 

1,000 

100 

Ncwington 

Direct  Three-Wire 

450-500 

220 

Newmarket        

Do. 

420-460 

210 

\e\vp<jrt 

Alternating 

«7-5 

2,000 

100 

Northampton     

Direct  Three-Wire 

220 

105  &  210 

Norwich 

Do. 

-250 

no  &  220 

Nottinj^ham        

Do. 

220 

100  &  200 

NottingHill       

Do. 

... 

200 

100  &  200 

Oldham 

Direct       

210 

Oswcstrv            

Direct       

230 

220 

Oxford  ' 

Direct        

1,000 

100 

Paisley     

.\lternating 

50 

2,000 

200 

Pembroke          

Direct  Three-Wire 

-250 

Plymouth            

Alternating 
Direct  for    Tram- 

50 

2,000 

200  &  100 

wavs      

5-20 

500 

Pontypool           

Direct       

135 

100 

Poplar     ...         

Direct       

450-570 

Portsmouth        

Alternating 

50 

2,000 

100 

Present    

Do. 

100 

2,000 

100 

Preston 

Direct  Three- Wire 

120  &  250 

1 10  &  220 

Alternating 

50 

2,000 

220 

1900.1 
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Name  of  Station. 

System. 

Periods. 

Gexkr.\ti.\g 
pressike. 

PRESSI'RE 

at  Lamps. 

r\j 

Volts. 

Volts. 

Rathmines          

Direct  Three-Wire 

250 

Reading 

Alternating 

67 

2,000 

100  &  200 

Direct  Three-Wire 

400-450 

100  &  200 

Richmond          

Do. 

115-230 

1 10  &  220 

Rochdale            

Do. 

440-4«o 

St.  Helens          

Alternating 

60 

2,000 

ioo&  200 

Direct  Three-Wire 

460 

230 

SI.  Jamt's',  Westminster 
St.  Pancras         

Do. 

107 

Do. 

1 10  &  220 

Salford     

Do. 

... 

Alternating 

75 

3,000 

Salisbury            T 

Direct  Three- Wire 

450 

210 

Scarborough      

Alternating 

80 

2,000 

100  &  200 

Sheffield 

Do. 

100 

2,050 

100  &  200 

Shorcditch          

Direct       

1,100 

Shrewsbury        

Direct  Three- Wire 

420 

210 

Southampton      

Do. 

230 

100  &  200 

.Alternating 

50 

2,200 

100  &  200 

Southport           

Do. 

50 

2,100 

100  &  200 

South  Shields     

Do. 

50 

2,000 

1 10  &  220 

Stafford 

Direct  Three-Wire 

108  &  216 

105  &  210 

Stockport            

Do. 

460 

230 

Sunderland         

Do. 

440 

1 10  &  220 

Swansea 

Do. 

440 

Taunton 

.\ltcrnatin;i 

2,000 

100  &  200 

Torquav 

Do. 

50 

2,100 

200 

Tunbridgc  Wells 

Do. 

6« 

2,100 

220 

Ventnor 

Direct  Three-Wire 

... 

420-4^)0 

210 

Wakefield           

.Mlernating 

(»o 

2,000 

200 

WalUsey 

Du. 

50 

2,000 

100 

Walsall 

Direct       

2,000 

105 

Watford 

.\lternating 

50 

2,100 

200 

Wej,tHam          

Do. 

50 

2,000 

100 

Westminster      

Direct  Three-Wire 

225 

100  &  200 

Whitehaven       

Do. 

210-240 

100 

Wimbledon         

Alternating 

50 

2,200 

Winchester        

Direct  Three- Wire 

420-460 

210 

Woking 

Alternating 

100 

2,000 

100 

Wolverhampton 

Direct       

... 

2,000  &  460 

1 10,  220, 
&44O 

Woolwich          

Direct  Three-Wire 

420 

Worcester          

Alternating 

100 

2,200 

100 

Wycombe          

Direct  Three-Wire 

... 

420 

210 

Yarmouth           

Alternating 

«3-5 

2,000 

100 

Number  of  Direct-Current  Three-Wire  Stations  =  73 

„          „    Direct-Current  High-Tension     „  =    9 

„         „    Alternating-Current                     „  =  62 

„         „    Combined  A.C.  and  D.C.            „  =  16 

Periodicities : — 

t\J     =x   100,    93,    90,     87,     83,     80,     77,     75,     70,  67,    60, 

Number  of)  o 

j^a^^^^n^    J  20,     2,     2,     2,     7,     4,     I,     3,     I,  2,     », 

JUkmaHng^urreni  Generating  Voltages  ;— 


50, 
20, 


40 
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the  producer.     We  see  it  throughout  all  our  ordinary  purchases  of  lifo.   Mr, 

In  engineering  matters  perhaps  the  only  thorough  standardisations  that     "™^  "*" 

have  taken  place  liavc  heen  in  the  small  machinery  which  we  purchase 

tor  domestic  use*  such,  for  exaniplu.  as  sewing  machines.     It  is  now 

lime  that  the  motors  intended  for  use  in  houses  should  he  classed  with 

articles  of  domestic  nsc  ;  hut  it  is  only  when  they  arc  standardised  that 

they  can  he  produced  in  vcj  v  large  quantities,  and  tliat  we  can  hope  to 

k^l  the  u>er  have  them  at  a  price  thai  be  is  prepared  to  pay.     Quite 

recently*  developments  have  taken  place  in  the  use  of  electric  motors 

which  bid  fair  to  increiise  their  use  very  largely  indeed  ;  I   refer  to 

motors  of  \  H.F.  and  J   H*P.,  such  as  we  should   use  in  our  houses 

either  for  small  domestic  power  purposes,  for  ventilation*  or  for  cooUng 

rooms.     It  is  in  thi>  direction  that  the  trade  has  heen  stirred  upland 

of  coun»e  that  has  induced  standardisiition  as  the  first  result,  and  the 

eflfcct  has  heen  a  very  great  lowering  of  the  cost-     The  ne\t  direction 

in  which  we  may  hope  for  standardisation  is  the  supply  of  motors  for 

the  working  of  tools  whicli  take  a  definite  amount  of  power.    There 

are  a  large  numht-r  of  tools  used  in  workshops  reqinring  a  range  of 

from  if  H.P,  to  i  H,P<,  and  they  can  be  grouped  and  motors  be  litted 

directly  to  Ihcm,     Apart  from  any  special  effort  whicli  this  Institution 

inay  make,  I  think  that  by  the  operation  of  a  natural  economic  law  we 

shall,  commencing  with  the  smaller  sizes,  gradually  standardise  Jiiotors, 

and  so  from  year  to  year  get  up  to  the  largest  si;Ees,     But  there  is  no 

douht  that  thi^  Institution  can  assist  that  law  by  calling  to  the  attention 

of  the  user's  engineer  the  enormous  advantage  that  comes  to  the  user 

by  adopting  the  standards  of  the  manufacturcris  themselves,  and  that  is 

really  the  l>est  way  to  get  at  the  end  we  n\i  desire, 

Mr*  A*  B*  Black KUKX  :  I  take  it  as  a  matter  of  course  that  we  all  Wr, 
agree  with  Mr,  5^ellon  as  to  the  desirability  of  standardisation,  and  the 
chief  thing  we  have  to  consider  is,  to  what  limit  we  can  go.  Each 
manufacturer  must  begin  to  a  great  extent  at  home  ;  he  must  standardise 
as  far  as  he  can,  fixing  his  own  types,  and  trying  to  convince  the  user 
that  he  has  good  reason  for  adopting  tliem.  By  that  means  he  may 
commence,  as  far  as  he  himself  is  concerned,  with  a  fair  measure  of 
s^mdardisatton,  and  then  manufacturers  will  come  to  some  under- 
standing amongst  I  hem  selves  as  to  what  are  the  best  types*  The  user 
can  assist  them  very  greatly  by  pointing  out  from  his  experience  the 
conditions  to  be  fulfilled  ;  and,  if  he  wiJl,  as  Mr,  Sellon  points  out,  state 
the  ends,  the  manufacturers  will  hnd  the  means.  As  regards  dynamos, 
the  class  of  machinery  in  which  I  am  chiefly  interested,  I  think  we 
have  already  arrived  to  a  certain  extent  at  a  basis.  For  alternating 
avrents  there  has  been  a  great  diversity  of  periodicity  which  has 
Nocked  the  way  to  standardisation,  but  there  is  now  a  consensus 
iH  opinion  leading  to  a  dehnite  periodicity,  which,  except  in  the  case 
erf  stations  already  existing  that  must  for  a  number  of  yeaj's  be  tied  to 
H>dr  present  periodicity,  will  very  considerably  lighten  the  task  of  the 

.auufacturer.  The  same  with  regard  to  continuous  currents;  we  are 
MTtiringdown  very  much,  The  table  given  at  the  end  of  the  paper 
tbows  tihat  a  very  large  proportion  of  the  stations  are  now  using  pres- 

'ires  Ivtw^ecn  400  and  500  volts,  and  that  is  bringing  things  to  a  very 
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--1-  ^  :::.:•  -  'wi  ::•  v\jL<:'?.ir.c<  15 
■-.  -.■■  ■--  ::  •.'.  .  .  -J  :•-■  ci:-  ar.y  ^lood  in 
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:  -  f ':  ' .--  \v.  .1 .'  tiiA:  we  >::.ili  v:v> 
:.':-  '.:ji  -Mr.-  o:  mjchiiio.  in 
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.  :..:  n:-.  ::.  N[y  .^wn  view  :<,  thai 
1  \\:':.  .1  vn'W  :•'  -;i,:4ijo>tiiig  certain 
r:.  ::i:!.r:n  ^pvccl--.  vollii^cs  and 
;.' rj'.'li- iti'  .■.'.•■  :i'»:il'l  ;i:mv.-  at  -'/.■,!  .■:'.: :il;  I'.iirly  satisfactory.  I  am 
iri'lirif'l  I'l  tliirii:  iliaT  Mr.  Cr: 'Uipfun  i-  \vp>n;j  in  >ayin^  that  these 
i.p.iM' I  "ill  iij'lit  \\]i',i\  >:\vi:-  aiit'iir.atiLally.  I  beheve  we  are  now 
Liii'lin,"  I.I''  I'l  f.u '•  Willi  a  V'lv  -.Lii-'M-  pp>bleni,  and  the  >ooner  we 
.lit. I'  I  il  III!  Iii-thi,  and  iii.il  ni  .1  finK'tical  way.  The  iinn  witli  which 
I  am  .1  .«»'  lai'd  lia  hrtn  t  jiiia;4«d  (nv  some  cnn^derable  time  in 
l.iiiil.iidi  ni;',  a  11  n«.  of  rlynani't-  and  mot()r>.  They  have  already 
t 'ininiiMH  f'fl  iiprratinnN  with  llrrni,  anri  I  can  only  say  that  the  results 
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Imvc  been  em'uiciitly  s^Uisfactory;  and  that  Hkt  hopv  in  a  short  lime  ^{j|j^j,(^^i 
lo  sell  nolhiiig  Ktit  these  staridard  machines,  and  under  no  circnm- 
stances  to  depart  from  that  liiiu  of  hnsincss.  Thai  b  tht;  only  way  to 
meet  this  foreign  competition,  but  we  must  be  supported  by  tht* 
consuUing  engineerb.  Those  dynamo  manufaclurers  who  have  lo 
supply  Corporation  plant,  and  the  like,  to  the  specifications  of  con- 
sulling  engineers,  are  suffering  very  seriously  from  the  fact  that  all 
sorts  of  details  are  imposed  upon  Ihcm,  involving  not  only  much 
thought  and  experiment,  but  the  alteration  of  patterns  and  drawings. 
We  all  know  what  a  conglomeration  of  patterns,  drawings  and  stores 
are  to  be  found  in  almost  every  dynamo  manufactory  in  this  coniitry, 
and  until  we  can  reduce  them  to  a  minimum  we  shall  do  no  good. 
This  is  a  matter  which  we  dynamo  manufacturers  feel  very  strongly 
upon,  and  I  for  one  should  be  only  too  pleased  to  see  some  delViiite 
steps  taken  with  a  view  to  standardising  the  dynamos  and  motors 
that  we  are  called  upon  to  supply,  for,  besides  giving  very  good 
rc&uJts  to  the  manufacturer  and  to  the  user^  it  would  be  the  most 
dfectuaJ  way  of  meeting  foreign  competition. 

Mr.  E,  H.  Johnson  :  I  have  had  much  to  do  with  standardising  Mf.jtib»*u 
dectricjj  apparatus  in  the  past,  but  not  in  the  direction  indicated  by 
Mr.  Sellon*s  paper.  My  efforts  have  been  to  secure  the  standardisation 
of  apparatus  in  its  constructional  details.  Mr.  Scilon  has  to-night,  in 
ray  judgment*  struck  a  keynote  to  which  English  manufacturers 
generally  should  give  serious  attention,  as  it  affects  the  entire  range 
of  manufacturing  interests,  in  the  matter  of  foreign  and  particularlv 
American  competition.  I  should  characterise  Mr.  Sellon's  idea  as  '*the 
standard is;it ion  of  what  is  wanted,''  leaving  to  manufacturers  the 
business  of  supplying  thai  w^ant  in  their  own  way  rather  than  to 
employ  engineers  to  draft  and  specify  the  details  of  construction. 
This  individual  specification  of  constructional  detail  is^  in  my  opinion, 
the  banc  of  your  manufactures^  and  the  prime  cause  of  the  difficulties 
of  which  you  complain.  It  does  not  exist,  at  least  to  any  great 
extent,  in  America.  There  a  Tramw*ay  Company,  say,  calls  for  so  many 
dynamos,  to  yield  so  many  horse-power,  and  so  many  motors  to  propel 
^1  manv  cars.  These  the  manufacturer  can  hid  to  supply  of  his  own 
special  form  and  type.  The  result  is,  the  manufacturer  liaving  them  in 
stock,  so  lo  speak*  can  supply  quickly  and  at  low  cost.  This,  to  my 
mind,  is  wliat  is  aimed  at  by  Mr.  Sellon,  and  will  more  effectively 
accomplish  the  improvement  desired  than  would  any  other  suggestion 
as  yet  made, 

Mr.  J,  S*  Raw^ohth  :  Mr,  Sellon.  like  every  practised  writer  of  a  ^^;^.(^|, 
ptstpcr,  bas  thrown  down  upon  the  floor  what  I  may  temi  the  bone  of 
contention.  Now  it  does  not  very  much  matter  what  the  bone  is,  so 
that  it  be  long  enough  for  two  dogs  to  get  hold  of  it  at  the  same 
time  ;  Mr.  Sellon  has  given  us  a  very  admirable  paper  w^hich  in  itself 
provides  plenty  of  scope  for  discussion,  but  he  has  also  given  us  a  litlt 
which  does  not  fit,  Therefore  we  can  have  as  much  discussion  on  the 
title  as  we  can  upon  the  paper — a  discussion  on  two  totally  different 
subjects.  Now  in  order  to  get  you  to  appreciate  this  point  about  the 
lillc^  I  w^ant  yon  to  consider  the  meaning  of  the  word  **  plant,**  wbk\\  \^ 
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uscfi  in  legal  ctocumei>t^,  and  has  a  legal  meaning,  but  concern  itij^  Ihc 
mcanmg  of  which  you  ncvtr  find  in  Hiose  documents  a  single  word  of 
explanittion.  Now  whal  \s  plant  ?  Wu'  ,s*>metimcs  hear  of  a  pcri^on 
haviojil  two  plants  and  three  ptants  :  but  in  fact  he  can  only  have  one 
plant.  Plant  is  the  machinery »  tools,  and  utensils  used  in  carrying  on 
any  particular  trade.  When  a  charwoman  goes  past  an  ironmonger's 
shop,  and  sees  bncketii  and  scrubbing-brushes  in  the  window;  and  goes 
ill  and  buys  them,  and  takes  them  away  for  the  purpose  of  her  business, 
lliey  become  plant  immediately*  But  if  a  lady  goes  to  a  t^hop,  and  buys 
these  buckets  and  scrubbing-brushes,  they  do  not  become  plant,  they 
become  simply  domestic  utensils  So  when  you  see  plant  spoken  of  in 
a  specification  it  does  not  mean  the  engines  and  dynamos  that  the 
producer  is  producing  and  supplying  to  the  consumer  ;  it  means  all  his 
tools  and  machinery  th^t  he  uses  in  his  business  for  the  purpose  of 
producing  those  things.  That  is  always  ihe  meaning  in  every  specifica- 
tion which  you  put  your  hand  to.  I  have  known  town  clerks  and  others 
try  to  make  out  that  the  clauses  with  reference  to  the  plant,  which  are 
very  onerous  clauses  sometimes,  actually  referred  to  the  machinery  that 
I  was  supplying  to  them  under  tlie  contract.  Now  it  seems  very  strange 
perhaps  that  you  should  not  be  allow^ed  to  speak  of  the  stuff  which  is 
in  the  course  of  manufacture  as  plant.  But  I  can  only  explain  it  to 
you  in  this  way.  I  cannot  get  an  analogy  from  mechanic^  ;  I  mu^t  take 
one  from  the  course  of  education.  Suppose  you  go  to  a  lady  who  is 
keeping  a  girls'  school,  and  you  ask  her,  *'  What  do  you  tnrn  out  of 
this  establishment?"  She  would  sav;  ^'Demoiselles,  young  ladies, 
most  accomplished  and  elegant."  Then  you  would  say,  *'  But  have 
not  you  any  wives  here  }"  She  would  reply  in  the  negative.  You  see 
those  young  ladies  will  probably  become;  wives,  a  great  many  of  them, 
hereafter,  but  that  is  done  by  a  legal  process  under  the  guidance  of  a 
parson.  Now  the  machinery  that  Mr.  Sellon  turns  out  is  not  plant  so 
long  as  he  has  possession  of  it,  but  when  he  gets  the  final  certificate  of 
tlie  engineer,  who  acts  a,s  the  parson  in  this  case,  the  machinery 
becoviies  plant,  under  the  control  of  the  supplier  of  electricity  ;  it  is  the 
plant  of  his  business. 

When  we  turn  to  the  title  of  the  paper,  and  read  '*  The  Standardisa- 
tion of  Electrical  Engineering  Plant,*'  v^^e  mean  the  standardisation  of 
the  lathes,  driUing  machines,  screw-drivers,  and  those  things,  which 
are  part  of  the  toob  with  w^hich  the  electrical  engineer  conducts  his 
business.  Now  the  great  advantage  of  this  paper  is  that  it  gives  us  an 
opportunity  of  discussing  both  that  and  tbe  other  subject  also. 

Turning  to  the  body  of  the  paper,  I  sympathise  most  fully  with  Mr* 

Sellon  in  bringing  thi^  matter  before  us,     I  have  done  a  great  deal  in  it 

in  the  course  of  my  life*  with  soniew*hat  moderate  success.     1  think  that 

I  should  rather  sulKiivide  this  paper  uTider  the  head  of  standardisation 

of  the  governing  jailors  as  the  tkst  head,  and   the  standardisation  of 

dcfaih  as  the  second.     Mr  Sellon,  1  think,  calls  it  in  his  classification 

_..  kIsj  or  performance.     Now  if  you  take  the  analog}'  of  the  railway 

I   am  f  ^^'  *^^  &^^W^  the  principal  governing  factor,  and  it  is  because 

^j  „ J      ijyrs  in  the  early  days  did  not  fully  recognise  the  importance 

^  _         "ihey  began  by  specifying  gauges  that  were  not  all  alike, 
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and  cofiscqucnOv  gave  a  v^rv  cr«al  deal  of  troubli%  and  caused  the  s**"-  _^^ 
coufim*  an  cnormoiis  sum  csi  money  to  brinj^  tnrm  into  imitrnmity. 
Xott'  ihc  analoJ»cm^  questions  in  electrics  to  ^itvtge  in  a  niilway  urt:,  f 
lake  it.  periodidty  ;ind  pressure  principalhv  And  when  you  k^ob  at 
Mr.  Sc  I  Ion's  list  M  the  end  of  the  paper,  you  will  find  that  *ome 
consideraMe  dforl  ha^  been  made  fo  gtti  at  ^t«indardi$atinn.  You  will 
lind  that  there  arc  twenty  Citations  which  have  a  periodicity  of  loo-  I 
think  that  you  have  to  thank  Mr,  Mordey  and  myself  for  IhRi  to  a  great 
extent  I  do  not  know  whether  we  were  right  or  not.  I  think  the 
probability  is  that  we  %vere  wrong,  hut  however  we  did  attempt 
!^tandardi$^dion»  and  without  t!te  assistance  of  any  consulting  L-ngineers 
wx  man-iged  to  account  tor  most  of  those  twenty  stations  which  were 
standardised  at  a  period  of  loo.  it  has  been  proved  later  that  a 
periodicity  of  lifty  would  give  belter  results,  and  now  we  find  that  no 
te-^s  than  twenty  stations  in  a  ver>-  touch  shorter  period  of  time  liave 
been  standardised  to  a  periodicity  of  fifty,  That  is  a  solidly  satisfactory 
result,  and  1  think  it  shows  that  the  consulling  engineer  is  after  all 
cuniing  very  much  nearer  Mr.  Sellon's  standard  than  he  imagined.  Of 
cmirse  we  cannot  do  very  innch  lo  help  ihe  tnaller  on,  wl-  have  to  take 
what  the  consulting  engineer  gives  as, 

I  quite  agree  with  Mr.  Slater  Lewis  and  Mr.  Crompton  that  the 
stiindardisition  of  detail  has  ;i  very  niuch  stronger  effect  upon  Ihe  cost 
of  prod  net  io!i  than  most  people  arc  aware  of.  a  far  stronger  effect  I 
think  than  the  standardisation  of  the  pressure  and  periodicity.  But  how 
is  that  to  bu  got  *  1  have  been  connected  with  a  Company  that  has 
done  much  in  the  w^ay  of  effort  at  standardisation,  it  has  passed 
resolution >,  it  has  given  instructions  to  managers,  it  has  written 
innumerable  memoranda,  in  fact  it  has  exerted  itself  to  an  enormous 
extent  to  get  standardisation  ;  but  you  do  not  get  it.  1'he  orduiary 
commercial  draughtsman  can  upset  all  the  calculations  of  Hoard  or 
Manager  by  the  simple  expedient  of  altering  things  as  he  goes  along. 
D^ithout  anybody  tinding  it  out-  I  came  across  a  pecnJiar  inst,ince  the 
other  dixy.  I  w;inted  a  new  valve-spindle  for  an  engine*  and  I  ordered 
it  from  the  engineer  w^ho  made  tlie  engine,  only  about  two  years  agOi 
When  it  came  I  found  the  standard  had  been  altered.  But  how  much 
do  you  think  it  had  been  altered  ?  It  had  not  proved  loo  weak,  and 
been  made  stronger,  hut  he  had  altered  il  by  making  it  ^\  of  an  inch 
smaller.  Now  what  good  in  the  world  was  achie\ed  by  making  the 
spindle  that  much  smaller  ?  It  did  not  ht  ;  the  engine  had  to  1>e  taken 
down  twice  to  get  it  put  in,  and  a  new  one  had  to  be  made,  to  the  great 
npenne  both  of  the  original  manufacturer  and  of  the  user.  1  think 
that  Mr.  Helton  would  he  well  advised  if  he  were  to  carry  out  the 
^wggesiion,  because  I  believe  it  is  the  only  satisfactory  solution  of  this 
question,  that  anybody  who  wants  to  standardise  sittisfactorily  after  the 
manner  that  Messrs,  Willans  &  Hobinscju  do,  hwX  without  taking  all  the 
time  that  they  have  taken  to  do  it.  must  keep  upm  Iheir  works  a 
cauldron  of  boiling  oil  in  readiness  for  the  man  who  alters  standards. 

Mr.  Mark  Roinxsox  :  If  I  add  a  few  words  to  what  Mr.  Scllon  ha>  J*' 
^id  ^to  well,  it  is  only  because  I  liavc  given  a  good  many  years,  and  I 

;  without  success,  to  the  problem  of  standrtrdisatlin\  v\\  ^^^ 
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one  brand)  of  manufacture,  Mr,  Ra worth  has  said  something  aKout 
the  long  Hme  my  company  took  to  achievt*  it,  hut  without  going  Into 
personal  matters  U  may  perhaps  be  o(  interest  to  sity  that  wlien, 
eighteen  or  iiineterii  years  ago,  certain  works  which  be  has  in  view  were 
started  for  making  engines  for  small  steam -lauucbes  it  was  determined 
to  stand arrtise  them.  When  the  first  order  for  a  4  h,p.  engine  was 
received,  half  a  do^en  such  were  put  in  hand^  in  Iht  faith  that  the 
otiier  iive  would  Tmd  buyers.  I'hey  did.  Standardising  was  started 
with  tllc  very  fir^il  piece  of  work  done  in  tiiose  shops,  and  that  principle 
has  ncv<;r  been  departed  from*  Having  had  that  amount  of  connection 
with  the  subject,  it  is  perhaps  well  that  I  iihoukl  offer  a  few  words  of 
encouriigement  in  aid  of  Mr.  ScUon's  object-— since,  as  Mr,  Crompton 
well  said,  there  h  really  nothing  to  be  said  about  his  paper  in  the  way 
of  criticism.  We  aJl  agree  about  it,  but  by  way  of  helping  on  Mr* 
Sellouts  object,  I  would  siy  that  in  the  works  in  question  the  standard* 
i  sat  ion  is  certainly  not  less  than  in  any  American  shop,  and  it  h  carried 
out  not  less  perfectly,  while  its  course  has  never  been  interfered  with 
by  oppoijition  either  from  consulting  engineers  or  from  anybody  else. 
I  do  not  tbink  the  consulting  engineer  is  so  black  as  he  is  painted  ; 
he  specifies  a  low  speed  for  his  engines  sometimes  in  his  electrical 
specitications,  meaning  that  he  will  have  nothing  to  do  with  high-speed 
engines,  hut  he  makes  his  meaning  clear,  and  when  he  leaves  it  open 
for  high-speed  engines  he  rarely  inserts  any  clauses  whicli  give  trouble. 
I  take  it  this  i%  due  to  the  fact  that  the  people  who  make  such  things 
really  know  their  own  mi  [ids,  and  have  convinced  the  consulting 
engineer  that  they  have  some  knowledge  and  some  experience  behind 
them.  When  this  is  proved  to  him  the  English,  like  the  Anierica^n 
consulting  engineer,  is  only  too  glad  to  avail  himself  of  the  nianu- 
facturer's  experience.  That  is  how  the  matter  appears  to  mc,  and  I 
beheve  that  if  our  elL-ctrical  friends  would  attack  the  problem  with  the 
same  determijtation  and  the  same  courage,  it  would  very  soon  eventuate 
as  they  wish.  Mr,  Sellon  siiys  that  standardisation  presupposes  a 
snfHciently  enduring  demand.  As  1  started  with  the  hope  of  saying 
a  few  w*ords  of  encouragement,  perhaps  I  may  he  forgiven  another 
retrospect  which  is  largely  personal.  More  than  two  years  ago  there 
was  an  engine  of  i,2oo  h.p.  ordered  in  the  works  in  question^  and  it 
was  a  very  great  advance  on  anything  that  had  been  done  before.  In 
pursuance  of  the  practice  of  the  hrm,  a  much  larger  sum  than  the  price 
of  that  engine  was  at  once  spent  upon  standard  jigs  and  templates,  and 
su  on,  in  the  full  faith  that  it  would  come  back  again.  It  was  perhaps 
a  question  whether  1,200  h.p.  was  not  too  big  for  the  type,  but  we 
believed  it  was  not,  and  before  the  hrst  1,200  b*p*  engine  \vas  ready  to 
go  out  of  the  place  I  think  there  \\ere  eighteen  or  tw*enty  on  order. 
The  jigs  and  templates,  which  insured  that  the  very  first  should  be 
perfectly  interchangeable  wuth  all  its  successors,  w^ere  of  course  abun- 
dantly paid  for  over  and  over  again.  Mr.  Blackburn,  referring  to  engine 
speeds,  said  tluit  engine  builders  might  hetp  the  makers  if  they  would 
standardise  their  speeds.  Ml  I  have  to  say  is,  that  if  dynamo  makers 
vvitl  express  a  wish  as  to  any  standard  speeds,  I  have  no  doubt  the 
CJigine  makers  will  rise  to  it^^ijcUy.    Mr.  Raworth  remarked  upon 


19(Kk] 


mscTssiox 


111 


Urn  ^asc  viOi  wbkli  dbts  drt  slmlaifbotiaa  ooold  be  on^raJisCTi  hf 
Ibe  cartclc^siie^  of  m  draigM^naa,  and  lie  imtaqmnf  a  ci^c  1  4o  not 
tb»k  lliert?  is  aiiT  neal  dilBcuirr  in  ^  oqgfem$««g  ihc  duiiesv  erf  drstigbts^ 
mcil  and  otber  rrckple  a?  to  tsoke  it  ccrtaio  ttua  cbaages  ^kalt  not  be 
nade  except  under  profHT  ^ozictioii,  and  that  wbcn  tber  arc  made^  for 
the  hoDoor  of  the  makers^  duplicates  ^iaSl  be  kept  m  store  ul  evcrTlliifigt 
bo«*e%*o'  obii^ftktc.  11  it  ^xrv  ^^t  oaX  pcsir^  prerioi»?H',  if  sIkhM  ^I 
be  kcpl  tb<?fc  for  the  benefit  o(  tbc  wsct^  Tlib  paper  i%  a  \xrry  \^ttabk 
uiii%  for  it  calb  our  altenttofi  to  a  matter  erf  burning  inicrc^  to  the 
trade  of  tlic  whole  coimtry. 

Mr.  K.  tfAUHOXo :  The  BKKt  iotcrc^ng  ^^cntetice  which  ]  find  in 
Mr.  Sclkm'^  paper  is  at  the  bc^ttotm  erf  p,  ji>|^  which  ruu^ ;  *"  Assuming*  then, 
thai  the  buyer's  engineer  ha>  come  to  ^ta\\  it  woultl  appear  lh,it  a  con- 
dition pre<^ent  to  the  statMlardiss^ioii  ei  plant  b  the  ^;ind<irdi^;ition 
of  the  buyer  s  engineer."  I  belong  to  the  clajs?*  of  gentlemen  wlio, 
^tccc^ding  to  Mr,  Sellon,  ha>  to  be  standardised «  and*  as  one  nianufac^ 
turcr  has  succeeded  another*  I  have  felt  the  proceso  of  standard  lotion 
going  on-  Some  ^^-eem  to  think  that  thi>  que^'on  i^  one  th^t  only 
concern!)  producers,  Xoa%  I  am  heartily  with  the  reader  of  the  paper 
ti)  ^ying  that  it  concerns  the  industry  at  large,  Thar  i»eems  quite 
oh  no  115,  but  it  b  not  always  general  K'  held.  The  ntost  important 
thhig  for  the  htiyer  is  to  get  the  best  plant,  iind  next  lo  that  ii  10 
Uet  it  as  economic  ally  a>  possible.  The  proper  spending  of  i:apt1a1 
in  an  industry  is  manifestly  the  one  great  fc^iture  round  which  the 
iuccei>s  of  the  industn^  will  turn*  and  nothing  will  help  the  pro|>er 
^spending  of  capital  ^o  tnuch  as  the  st;uid  lit  dilation  of  plant.  Oi 
coutm:,  rt^  Mr,  Raworth  s;iys,  in  the  early  days  we  all  had  our  idcHi* 
ibhout  periodicity.  He  ;ind  ^^me  of  his  friends  were  responsible  for 
the  loo,  and  I  think  possibly  I  W3l&  responsible  for  these  curious 
figures  in  the  table  which  appear  ai  a  periodicity  of  85,  ^'S*  ^7i  tki^  ill, 
and  82.  But  1  would  like  to  e^^pLiin  that  all  those  plants  really  came 
off  one  standiird,  with  complete  altcTuattous  of  lo.ooo  per  minute  ; 
but  when  you  ^ve  this  plant  to  enginet:rs  in  statious,  they  tind  It 
convenient  to  run  a  little  f;ister  or  a  little  slowcrp  ;ind  so  in  making  up 
Ihcsc  rcturnsj,  instead  of  returning  them  all  as  a  periodicity  of  83,  they 
have  returned  them  at  the  wirious  periodicities  quoted.  We  hnvc 
arrived  at  a  time*  I  think,  when  consulting  engineers^  who  are  not  so 
black  ;is  they  are  p:utited,  do  feel  tluit  their  greak'sl  trust  is  to  see  that 
buyers  have  tlieir  c^ipital  spent  econoniiaiJly.  \\*e  have  heard  from  tlie 
manufacturers  to- nigh  t,  and  t  think  tt  w<is  Mr.  Ha  worth  who  introduced 
the  homely  illustration  of  the  children  at  school  I  would  say  of  the 
manufacturers  I  hat  it  is  natural  they  should  consider  their  ghildrcu, 
tlieir  own  particular  children*  as  prize  babies,  and  the  best  babies  ever 
born.  One  little  disatKaniage  that  the  manulucturer  is  under  i^  that  he 
see*  so  much  of  his  own  baby,  and  tlierefore  he  perhaps  unduly  \mi^% 
it  The  one  ad\antagc  of  the  consulting  engineer  is  that  he  sees  the 
babies  of  niany»  and  he  is  able  to  compare  ilieui,  und  is  able  rnially  to 
decide  upon  what  a  model  baby  ought  to  be, 

Mr.  Sellon  has  made  one  admirably  good  suggestion^  and  that  is : 
l^ick  up  your  InstJtution,  and  back  up  its  Uniformilj  C'oiuitiittee.    Tlwl 
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Coinaiitf^t;  has  perpetrate  one  act :  it  has  s^ud  that  there  should  be  ^ 
pcrfodictty  of  50  for  tightiog  and  the  di^^txibaliofi  of  poiitr  on  m  smill 
sMSilc,  of  25  in  the  power  tnLmfOi^Mon  schemes,  and  of  100  for  conver- 
ter* m  people'^  hou«iC?*.  The  aitemaling  -system  im^  first  used  for 
cc»n%*ertcr?»  in  pcopleV  houM??*  on  the  premises,  hot  we  fownd  soon  that 
we  had  to  j^roup  tht-  coovcrtLTs,  and  it  only  shows  how  diffictstt  it  i^ 
even  for  a  Coniriiirttec  of  Ihb  Institution,  to  get  things  pvricct,  Ixxans; 
with  regard  to  the  recomtnendation  of  beginning  with  100,  1  Ciinnot 
help  feeling  that  they  made  a  httic  sJip.  Mr.  ScUon '?»  ;;ugge>tion  that 
the  CounciJ  of  tht  Institution  and  thii^  particular  Comniittee  shouici 
he  a^si^ted  hy  specimen  mattufaclnrers,  stand ardiM.-d  ones,  who  hare 
parsed  through  the  caHipers  of  the  Plant  Association,  would  do  good. 
Bring  not  only  the  manufacturers  but  the  users  and  the  users' 
engineers,  and  then  the  buyer  will  get  more  economicatly  what  he 
%vants  to  get.  With  Mr,  Rawortti  at  one  end,  I  ;uii  the  dog  at  the 
Dther  end  of  the  bone,  aJid  while  lie  is  ghing  his  dehittlion  of  ''plants 
and  that  which  he  endeavours  lo  explain  to  town  clerks,  I  a^ni  glad 
I  hat  F  have  not  been  the  dog  at  the  other  end  of  the  bone  who  has 
lieen  trying  to  gel  aw  sty  the  bone  from  him  for  the  town  clerk, 
There  is  one  thing,  at  all  events,  that  1  liave  found  it  necessary  to 
*itatidardise  at  the  very  beginning  of  my  specifications,  and  that  is  to 
stale  that  the  word ''  plant ''  shall  mean  all  the  materials  and  all  works^ 
to  be  supplied  by  the  contractors,  and  therefore,  if  I  hiid  been  at  the 
other  end  of  the  Imne,  that  town  clerk  would  have  found  the  words 
set  forth.  Let  those  who  are  consulting  engineers  take  home  this 
le&ion  at  all  events  to-night,  that  it  is  our  duty  not  to  aim  at  brilliancy; 
hut  to  be  content  with  the  humbler  task  of  seeing  ttiat  the  niann- 
facturer  givcs  what  he  has  contracted  to  give. 

Mr.  S.  X.  OK  FkhRax-ti  :  I  have  listened  to  this  paper  with  excep- 
tional interest.  It  is  a  paper  which  contains  matter  of  vital  importance 
not  only  to  the  electrical  engineering,  but  to  all  the  engineering,  industry 
of  the  country.  The  paper  is  full  of  sound  common  sense,  and  much  to 
the  pointy  and  is  so  valuable  in  ail  the  remarks  which  it  makes  and  the 
definitions  which  it  iiys  down,  that  1  am  only  sorry  it  was  not  read  ten 
or  more  years  ago*  because  a  great  deal  of  the  evil  of  non^slzmdardisation 
hits  already  been  perpetrated,  and  that  evil  is  here  unfortunately  to  stay 
in  most  casei^.  Look  at  aU  our  alternating  stations  in  this  conn  try,  and 
you  will  see  at  once  what  I  mean.  There  are  quantities  of  periodicities, 
and  if  yon  nmltiply  those  periodicities  by  the  speeds  whicti  it  is  neces- 
sary to  run  at  to  ser%^e  different  people's  ideas^  and  then  multiply  again 
by  the  different  si  ate  s  of  plant  that  it  is  necessary  to  supply,  you  will 
hnd  that  the  number  of  different  alternators  is  simply  colossal,  tn 
fact,  it  i^  hard  to  find  many  machines  of  any  one  type  alike,  and  that 
is  why  1  say  that  the  evil  has  already  been  perpetrated,  and  is  un- 
fortunately here  lo  stay.  It  is  very  diflicuit,  once  a  periodicity  has 
been  fixed,  to  make  any  alteration*  In  one  solitary  case  I  have  ar- 
ranged for  a  40-periodicity  station  to  be  raised  to  50  periods  so  as  to 
get  that  good  standard,  but  that  is  only  one  case  tn  my  experience 
throughout  the  country.  In  one  case  some  time  ago,  when  supplying 
liiachines,  I  begged  the  engineer  of  a  certain  station  to  change  from 
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lOO  periods  to  50,  becauMr,  as  I  told  him.  [  fcH  salisficd  ihaL  it  was  llt,PiffiiBfW 
Ihe  thing  to  do,  and  would  jtay  well  for  the  doing.     He  Iclt  that,  in 
aiding  a  500  HJ*.  plant,  the  change  was  more  than  he  could  ptii*ibly 
allow*  taking  into  consideration  what  a  large  proportion  that  was.  of 
thear  output,  and  yet   now   that  500  H,P.  plant   is  the  only  one   of 
that  time  r<fiiiainnig  in   tlic   station.      All   the  others  for  which   Ih© 
ficTiodicity  was  kept  have  disappeared,  and  now  thai  large  station  is 
thijiking  of  going  in  for  continuous-current  distribution,  fed  by  multi- 
phase from  outside.     I  feci  sure  that  coiirse  would  not  need  to  have 
been   considered   had   the   change   in    periodicity  been    made  at  the 
time  indicated,  or,  in  other  words,  had  a  known  standard  existed  at  an 
earlier  period.     In  America  I  believe  they  started  wHth  120  periixls,  and 
they  kept  to  iU  so  that  ;dl  the  plant  was  made  to  the  standard.     A  few 
yestr^  later  on  it  w^as  found  that  that  w;is  far  too  high  a  periodicity  for 
which  to  build  machines  satisfactorily,  because  it  is  hirgeJy  a  question 
tif  mechanical  design.    The  periodicity  was  then  halved,  so  that  there 
lliey  have  fur  ordinary  alternating  work  for  lighting  supply  a  general 
>t.Andard  periodicity  of  60  periods,     1  have  heard  a  very  curious  thing 
stated— I  forget  where  it  came  from — that  the  standardisation  of  voltage 
was  not  in  all  cases  the  best  thing.     I  tieard  some  one  reitiarking  upon 
H  certain  supply  having  a  voltage  of  105  instead  of  icx>  or  110,  both  of 
which  had  previously  been  looked  upon  iis  standard  voltages,  and  the 
t^cplanation  given  was  that  it  enabled  the  station  to  use  what  were 
practically  the  spoiled  lamps  from  the  other  two  voltages.     Now  the 
irgument  was  certainly  a  practical  one,  and  it  seemed  to  fit  in  perfectly 
well,  hut  it  was  an  argument  of  selfishness,  and  that  selfishness^  1  think, 
1'^  Lirgely  at  the  bottom  of  all  our  trouble  in  want  of  standardisation^ 
It   has  often    lx*en  said   to  me  when  I  have  tried  to  get  a  standard 
periodicity  fixed  upon,  ''What  difference  does  it  make  to  me?     How 
vfLiil  1  be  any  better  off  if  1  change  to  that  standard  ?     I  am  a  buyer  ; 
why  should  I  not  keep  what  I  have  already  ?    Why  should  I  not  have 
wfial  I  think  will  do?"     Of  course  it  is  a  very  shortsighted  argument, 
id  simply  shows  that  whoever  uses  it  does  not  appreciate  the  reduc- 
tQ    m   cost   which   follows    upon   standardisation    and    repetition  of 
jiriii.iLiurc. 
I    ^J>;:Le    very   thoroughly   with    Mr,   Sellon's  views   on    what    the 
.-*tii>tilting  engineer  should  do,  :ind  if  I  may  s;iy  st».  without  desiring 
ti  be  in  the  legist  harsh  or  unpleasant,  I  should  like  to  suggest  very 
respectfully  to  this  Institution  that  the  true  function  ot  the  consulting 
ijigineer  b  fully  to  appreciate  the  scheme  that  he  is  carrying  out*  and, 
hixing  appreciated  that  scheme,  clearly  to  lay  down  the  ends  which  he 
rfc^tre^  to  accomplish,  and  to  leave  to  mauufactmers  and  people  tender- 
ing the  means  which  they  think  fit  in  bL^st  with  his  standards,  and  which 
\hcv  think    best   meet    the  conditions  which  that  engineer  desires  to 
i".>^TTtplt-.h,     Then  his  great  w^ or k  comes  in  in  sitting  in  judgment  on 
I  is  client  upon  the  various  offers  made  under  hisrequirements* 
.;4  his  clients  not  which  is  the  cheapest,  not  which  is  right  in 
tins  lieiitd  or  that.  I>ut  telling  his  clients  what  it  will  pay  them  best 
^^-  bay, 

r»meral  W>:bbkii  :  1  propose  thiit  we  should  adjourn  the  dUcusbion,   ^^JSwtiJ 
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Tiitr-t  1^  A  grtar.  ciziiL  mirt  it    m  ana  cm  iht  liuhicaci.  amd  I 

dt;biiit  ttu-  f^.-rniiu:  viL  itac  cnhtn'?'  t(  spioik  and  ivpphr  m. 

UL>  anc  iu:iirt-r  whiL'h  alihoiiiii:  no:  wuntm^  10  Mr.  SeDonV  paper,w>oiiM 

M'-\  iiiuL'i.  add  t(  n.r  mi:r-L*?»i 


7'ut  pKttiii»i:y7     :  liavi  ic  umiiiuDct  imii  tbt:  sicrntiiiDcr^  rcpon  ihc 
f  i^lii'Vinxi  i^indidiiit^  ic  liaT't  htsiai  duir  tiecicd  : — 


Wiiiian:  latnt?  tlmi-. 


-\lrred  Colscin. 
loLr:  Puliar  Phihbs. 


AJirt^  Lf?cj-.  l:».4. 
Fntnk  XrnAz  fjrvtui . 


Itihn  Wvan  P-iyi  worth, 
*H  tmy  \\lldcr  Wank . 

HiJ  Williitiiis,- 


Ji>i*i;*:/r*  : 


Har<,'jd  H  til  rich  bickcr-Oiancn. 
Chaxic?  K/Jward  Si  e wan  bill. 
Kicriiird  Hordg-^.n  Black. 
JoMrpii  I>jckson. 
Alexander  PhiJip  I>ryhur^h. 
<>ef^;^c  FJett. 
WiJJiain  Hender>on. 
Oerald  Arthur  Hill  Hill. 
ThoiiKib  H<j\hT(^jk. 

Hrnol  T. 


Oii>  CaritT  Fomby  Kinfi. 
Robert  Gardner  Masaroon. 
Hugh  William  Pinkerton. 
Richard  Francis  Read. 
S.  Rosenhamn. 
Harry  Randal  RylandN. 
Sidney  Arthur  Simon. 
Frederick  William  Stamp. 
]ame^  Thonla^  Webster. 
Frank  Henr>*  Whysall. 
Wiilianix 


StuJt'niy 


Kitzroy  Tozer  Chapman. 
Alfred  Sin|4lehur>t  Cro». 
Thoinas  Clemenson  F^van> 
Cyril  Kenton  Heron. 
'J'heodore  Arthur  Hill. 
Walter  John  Line. 


Walter  McBretney. 
Robert  William  Milsted. 
.Vlbert  Henr>-  Midgley. 
John  Palmer. 
Kdgar  Phillips  Perkins. 
John  Flrnest  Schofield. 
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The  Three  Hundred  and  Forty-Second  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution  of 
Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  evening,  February  22nd,  1900 — Professor  SiL- 
VAxrs  P'  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
February  8th,  1900,  were  read  and  confirmed. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  \\-as  ordered  that  the 
list  should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council : — 

From  the  class  of  Associates  to  that  of  Associate 
Members — 


Gray,  Harold. 

Hoadley,  Edward  Ernest. 

Nimmo,  William  Henry. 


Rolph,  William  Mair. 
Sully.  Herbert  Thomas. 
Yaughan,  John  Crake. 


We^^mouth,  George  Andrews  Philip. 

From  the  class  of  Students  to  that  of  Associates— 
Hounsfield,  F'rancis  Cecil. 

Donations  to  the  Library  were  announced  as  having 
been  received  since  the  last  meeting  from  Professor  A.  E. 
Salazar  and  the  Electrician  Printing  and  Publishing  Com- 
pany, to  whom  the  thanks  of  the  meeting  were  duly 
accorded. 

Mr.  F.  Ayton  and  Mr.  J.  Papworth  were  appointed 
scrutineers  of  the  ballot. 

The  President  :  Our  next  business  is  the  resumed  dis- 
cussion upon  the  paper  of  Mr.  Percy  Sellon  on  "The 
Standardisation  of  Electrical  Engineering  Plant/'  and  I 
will  call  upon  General  Webber  to  resume  the  debate. 

General  Webber  :  The  subject  before  us  is  admittedly  a  dry  one,   r.incrai 
iJHmigh  some  matters  which  were  amusing  were  introduced  into  the   ^^'*^''*''' 
fKBSSKMi  at  our  last  meeting.    To  the  amusing  part  I  do  not  think  I 
m  addy  because  it  seems  to  me  that  the  subject  is  one  which  rcv\u\re« 
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Sidrifarly.  In  <miiKi.liqii  with  tnction.  fbe  mam^lmcimn^  aUc  to  meet 
Uae  druMfid  Ib«£  faad  it  ail  tliek  own  waj.  aod  thdr  stasMlanb  hAvc 
■eceiiAanly  to  br  adopted  hff  ilir  ttmkrtakrr^  In  Ancrk^  thc^ 
isxlit^iiea  iBmp  laleo  ibIo  tbe  hand&oi  two  or  three  great  manufaC' 
tariff  6rm>,  pbkrtty  bccanivf  of  the  large  uoomd.  ot  capital  at  tlidr 
iluf>psal»  aod  partly  bccax&c  tber  h^ve  hoo^  mp  or  tnberitcd  tbe  tail 
end  at  master  patents  wkich  had  hiaca  tslMBshcd  before  the  Coun- 
and  yMch  proCeoed  thcin  fmm  lutt  iiigtii>cqfc>  during  the  days  when 
tlie  otarfcct  was  beg^uung  to  eaqaad,  oa^My  the  Wc^inghou^^  and 
the  GeticTaJ  EfteeHic  Cotnpanicg.,  both  cf  America.  Once  $aich  combi* 
nattotis  UA  tbc&e  comniaiid  tbe  marfeet  for  partictdar  Muds  and  t^es  of 
plant  wiib  Ihetr  accessoiiei^  cofnpctjtkn  disappear^,  and  tbctr  cha^ge^ 
ai-e  imiy  kept  in  check  bj  the  pablic  opiiion  within  ibe  industry. 
Tbeir  position  U  qmlc  di^o^ent  fro«i  thai  oc  the  numerous  makers 
of  sinallcf  articte^  and  ^specialities  who  emptov,  •^aj^  three  or  four 
hutidred  workmen ^  and  of  whom  there  are  examples  In  nearly  every 
great  city  of  the  Cnited  States,  tn  the  former  erase ^  the  h^i^y  genera] 
charge*  are  covered  by  the  va^tnes^  of  the  output  ;  in  the  latter  cii^e* 
(hoe  charge^  can,  by  the  personal  attentions^  of  the  manufacturer,  be 
kept  dawn  tci  a  much  j^maller  percentage. 

Ai  with  w^  at  home,  thc>c  manufactures  of  the  >mall  and  svpecial 
articteH,  whicli  are  in  great  variety  and  which  are  subject  ki  the 
idiocy ncra%ic3f  of  makers  and  inventors,  differ  in  pattern  and  quality 
tn  various  work^.  It  is  not  easy  to  see  how^  standardising  c;in  hv 
approxiniatt'd  to  under  these  circumstances,  except*  indeed,  wheu 
;i>  in  lUe  ca-^c  of  the  glow* lamp  and  telephone  manufactories,  the 
pa*cnt>  have  created  and  guarded  monopolies  of  manufacture.  It 
will  be  thus  understood  that  standardising  in  the  cise  of  the  larger 
luuis  ensures  no  economy  to  the  user.  The  capitalist  who  has 
prfjvided  the  ntoney  by  which  standardisation  is  possible  does  not 
do  it  for  the  u^ei'^^  benefit*  Thi^s  is  especially  true  in  the  case  uf 
electric  machiner\%  because,  unlike,  for  instance,  sewing-machines 
or  clocks,  electric  plant  has  to  be  used  in  combination  w*ith  other 
engineering  plant,  and  an  engineer  has  to  be  employed  to  instal  it 
no  tliat  it  can  be  used,  and  he  casts  al^ouC  amongst  tfie  standard 
Mock*!  of  the  various  mannfacturers  until  he  (inds  something  suited 
In  hi*  want^  ;  ull hough  his  choice  is  affected  hy  price,  he  naturall\ 
j2^refltt|||l||flB|^y5^£egt)t's  both  quality  of  inanufacturi. 
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epcluraiice,  and  accessories,  so  that  his  cUent  may  have  an  article  SSSi 
which  will  be  b^th  cflicitnl  and  dtirabk-  Hcrcm  Wva  the  iidvantafjc 
ol  many  manufacturers  with  many  ^(andiird^.  The  ability  of  the 
cnginrvT,  with  such  a  v-ariely  of  choice*  shows  itself  in  the  fcmnvled|»e 
of,  and  experience  with,  these  numerous  standards,  and  tiot  in  his 
cleverness  in  J'ramin^  an  ideal  specilication  which  Ins  inio  nane  of 
thes<:  standards. 

'I*he  mailer,  however,  becomes  very  serious  when  tht;  export  trade 
is  considered,  although  I  have  great  faith  in  the  evenliial  conquest  of 
the  market,  even  in  the  remotest  places^  by  good  and  efficient  machinery, 
particularly  of  the  class  which  generate^  and  utiUsci^  electrical  cnergj*  i 
because,  unhke  machinery  which  is  subject  to  intermit  tent  use.  it  is  of 
;i  kind  which,  owning  to  its  continuous  runninj^,  requires  endurance,  and, 
therefore,  the  best  quality*  of  workmanship. 

It  may  be  said  thit  the  w*ay  in  which  the  great  Americjm  manufac- 
turers are  able  to  meet  sudden  external  demands  is  a  counterpart  of 
the  condition  of  the  trade  in  agricuUuriil  implements,  which,  not  many 
yeirs  a|jo,  was  secured  and  held  by  the  English  makers. 

Those  who  admire  large  manufacturing  monopolies,  from  which  the 
public  has  to  accept  in  a  lambhke  way  the  standards  thev  adopt,  are 
generally  those  who  bene  tit  by  thcni.  They  speak  of  liavtn^  ciiminated 
the  consulting  engineer  from  these  indii5»tries  in  a  triumphant  wav* 
They  themselves  are  inen  who,  if  the^^  had  been  origiiialiy  educated 
as  electrical  engineers  and  had  gone  through  the  curriculum  which  is 
now  considered  desirable,  would  ha%'c  themseh'es  been  forced  into  the 
competition  that  must  exist  in  the  professioji.  In  fact,  they  would  liave 
probably  been  strictly  professional  men  ;  but  their  opening  for  occupa- 
tion Itas  been  more  in  the  direction  of  being  agents  for  the  monopolists  \ 
ill  fact,  a  sort  of  bagman  with  some  scientitic  and  engineering  smatter- 
ing, and  I  look  upon  this  as  the  outcome  of  a  distinctly  unhealthy 
iihsence  of  the  competition  which  non-standardisation  produces. 

The  natural  object  of  each  maker  is  to  standardise  his  own  plant* 
In  the  iiarly  daysof  the  industry  in  this  country  we  find  many  examples. 
The  makers  held  the  patents,  they  had  gone  to  great  expense  in  pro- 
Iccting  these,  and  in  establishing  plant  and  machinery  for  manufacturing 
on  a  large  sc;de.  If  one  takes  the  published  descriptive  catalogues 
ind  price  lists  of,  say,  half  a  dozen  welbknown  makers  in  1890^  for 
instance,  and  compares  them,  it  is  very  curious  to  find  that  in  speed, 
output,  and  price  there  is  small  rescmhbnce.  The  conditions  w^hich 
kk\%:  governed  the  combination  have,  one  would  say^  been  governed 
hr  jurcident,  although  it  is  certain  accident  had  nothing  to  do  with  it. 
1  think  one  is  bound  to  believe  that  each  type  was  one  which  the 
rfuker  honestly  believed  would  successfully  compete  with  those  of 
i»d>er  makers  which  it  would  approximately  rt'semble.  Dynamos, 
they  were  called,  could  be  procured  with  a  reputed  maxtnmm 
!pul  of  9(p,  1,000,  1,500,  2,200,  3,000,  3*250,  4,000,  4|095  watts^  and 
on  for  40  or  50  sixes.  The  purchaser,  if  he  obtained  half  a  doxen 
r^  w^s  t>ewildered  over  the  varieties  of  conditions  offered.  In 
iim  way,  for  want  of  a  combination  for  standardising,  ,in  inmiense 
tmciittit  of  capital  was  w^asted.    The  wants  of  the  users  of  ^mall-si/ed 
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dynnmos  may  have  been  met  by  this  plethora  of  types,  but  it  answered 
no  really  practical  purpose.  A  customer's  eni^ineer  no  doubt  found 
it  very  convenient  to  have  a  selection  amongst  the  continuous- 
current  machines  of  various  makers  which  fulfilled  such  conditions 
as  the  following.  For  instance,  with  1,200  revolutions  yielding 
4,900  watts  the  price  was  £()o,  and  so  on  with  various  types  and 
various  prices,  with  1,200  revolutioiks  iis  the  reputed  speed  of  the 
machine.  It  may  be  remarked  that  it  naturally  led  to  a  variety  of 
discounts,  and  all  sorts  of  conditions  intervened  to  help  the  consulting 
engineer  to  a  choice,  which  rarely  could  be  governed  by  the  absolute 
merits  of  the  machine.  The  Brush  Company  was  at  one  time  very  near 
securing  the  command  of  the  market  with  their  arc-lighting  dynamos. 
Their  6o-Iight  series-dynamo  was  in  its  way  an  unique  machine,  and  if 
the  field  of  public  lighting  in  these  kingdoms  had  not  been  occupied 
by  gas,  the  Brush  system,  I  have  little  doubt,  would  have  gained  a 
strong  and  permanent  footing,  which  would  have  led  to  a  kind  of 
standardisation  of  arc-lighting  plant.  A  60'light  machine  costing 
£600  worked  60  lights  in  series,  costing  id.  an  hour  per  light,  with 
great  accuracy  and  efficiency.  I  do  not  know  what  the  manufacturers 
would  say  to  the  work  of  a  committee  under  this  Institution  of  Con- 
sulting Engineers,  who  would  carefully  investigate  the  whole  subject. 
I  cannot  help  thinking  that  we  have  looked  to  Government  de- 
partments as  the  means  by  which  standardisation  could  be  brought 
about.  But  it  is  a  very  curious  thing  that  except  in  departments  like 
the  Xavy,  standardisation  is  very  little  assisted.  For  instance,  take  the 
case  that  is  now  so  prominently  before  the  public  as  regards  the 
question  of  the  supply  of  warlike  material.  Think,  for  instance,  of 
projectors,  numbers  of  which  may  be  wanted  in  the  field  in  South 
Africa.  Those  for  coast  defence  are  not  well  adapted  for  the  field, 
not  being  mobile,  therefore  there  is  no  reserve  suitable  for  this 
application  of  the  use  of  a  projector.  Mr.  Crompton  would  tell  you — 
I  do  not  know  whether  he  is  here  to-night — that  when  he  went  down 
to  Chatham,  where  all  inventions  of  this  kind  are  brought  before  a 
special  committee  for  consideration  as  to  their  merits,  and  where  also, 
if  anywhere,  stores  of  such  articles  would  be  kept  and  where  a  standard 
projector  would  be  on  view,  he  found  a  series  of  machines  which  had 
been  bought  from  time  to  time  for  the  purpose  of  consideration  and 
examination  by  the  committee  whose  business  it  is  to  test  them  for 
warlike  purposes.  In  this  way,  the  funds  which  are  supplied  in  XQvy 
limited  amounts  by  public  departments,  have  to  be  spent,  because 
even  if  they  were  hastily  to  standardise  a  projector  for  warlike 
purposes,  it  would  in  two  or  three  years  be  out  of  date  in  many  of  its 
details. 

Mr.  Sellon  has  not  laid  before  us  the  copy  of  a  standard  specifica- 
tion which  he  thinks  would  result  in  securing  "  the  ends "  and  "  per- 
formance "  that  is  most  desirable  both  in  the  interests  of  the  market  and 
the  user.  I  wish  he  would  examine  with  this  view  the  old  Admiralty 
specifications  which  were  issued  in  the  eighties  for  manufacturers  of 
electrical  .plant  to  tender.  If  I  recollect  rightly,  the  best  of  these 
specification': "  '  emely  well  drawn  up.    As  regards  the  objects 
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thai  Hr.  Sellon  has  in  view,  after  all,  a  user  like  the  vldmiralty  must 
kftOW  best  what  it  wants,  and  is  not  likely  to  he  ruled  into  a  restricted 
form  of  specification,  which  mc^ms  high  prices  by  what  are  st>nie limes 
called  the  **fads"  of  consulting  engineers.  I  quite  agree  with  him 
that  ever\ihing  that  leads  to  a  determination  of  standards  by  the 
organi^d  efforts  of  the  industry  is  wholesome*  and  1  Ihink  thai  the 
Institution  should  be  very  grateful  to  hint  for  his  paper  as  a  means  of 
bringing  the  subject  under  discussion ,  and  I  hope  that  a  practical  result 
will  be  that  many  of  our  members  will  turn  their  attention  to  what  is 
pos^ble  in  the  direction  which  he  indicates  and  will  not,  after  this 
paper  has  been  read  and  disciis^sed,  give  up  the  consideration  of  the 
question^  but  from  time  to  time  will  urge  on  the  Council  the  appoint- 
ment of  committees,  like  the  *'  Wiring  Rules  Committee,'*  to  consider 
questions  of  standardisiilion  in  which  the  Institution  ought  to  engage, 
both  on  behalf  of  the  profession  and  of  the  industry. 

Mn  W.  B,  EssoN  :  If  we  are  to  have  cheapness  of  production  and 
give  our  customer  the  best  value  for  His  money  we  must  have 
standardisiition  carried  much  farther  than  it  is  at  present.  But  the 
more  the  subject  of  standardisation  is  considered,  the  greater  appear 
the  difficulties  in  the  way.  Although  we  may  all  know  exactly  what 
we  want,  there  is  verv'  considerable  diversity  of  opinion  as  to  the  pre- 
cise manner  in  which  that  result  is  to  be  obtained.  Mr.  Sel Ion's  paper 
h3LS  dciUt  with  two  distinct  kinds  of  standardisation,  but  he  has  not 
draw^n  a  very  clear  line  between  the  two*  The  first  is  standardisation 
between  the  manufactures  of  difftrayt  firms  ;  the  other  is  standardisa- 
tion in  the  manufactures  of  partkitlar  firms.  As  regards  the  firsts  we 
have  in  America  and  on  the  Continent  apparently  no  greater  agree- 
ment than  we  havi;  in  this  country,  because  no  two  manufacturers  have 
lines  of  machines  w*hich  give  the  same  outputs,  speeds^  and  so  on,  and 
every  firm  is  its  own  authority  as  regards  frequency.  The  other  kind 
of  standardisation  (inside  the  works^  if  1  might  so  put  it)  is,  no  doubt ^ 
carried  on  to  a  much  greater  extent  in  America  than  in  England,  1  am 
not  sure,  however,  tliat  there  is  much  fixity  of  design  yet,  because  in  the 
American  machines  that  I  have  had  the  opportunity  of  examining  there 
appears  to  be  a  continual  difference  of  pattern.  They  are  always  im- 
proving them,  just  as  we  are  here^  but  the  American  manufacturers  are 
fortunate  in  having  such  a  great  demand  that  they  are  able  to  construct 
a  great  number  of  machines  in  each  batch  before  they  alter  the  pattern* 
I  quite  agree  with  the  statement  of  Mr,  Slater  Lewis  thai  if  electrical 
engineers  in  this  counh-y,  instead  of  endeavouring  to  run  the  whole 
^unul  of  electrical  apparatus^  would  confine  themselves  to  the  produc- 
tion of  one  particular  thing,  great  economies  would  be  manifested*  But 
the  fact  is  that  no  one  firm  in  this  country  has  enough  of  anyone  class 
of  ouichines  to  keep  them  going.  There  are  now»  perhaps,  six  large 
firfD?»  constructing  alternating-current  apparatus.  These  firms  also 
make  direct*current  apparatus^  and  the  consequence  is,  of  course*  that 
tvvih  are  constructing  more  expensively  than  if  half  the  firms  conttned 
tbcfXi^ves  to  one  class  of  apparatus  and  half  to  the  other.  If  Mr. 
Sfakter  Lewis  contemplates  combination  amongst  the  larger  firms  I  am 
i|tiit«  with  him,  but  I  wish  to  point   out  that  it  is  only  undcf  s\icU 
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¥r  R^rm.  coodllioaii  aft  would  0ar»tt«c  crnain  maitMam  gotng  to  oertaai  firms 
-^M  the  coiittnooi»<iirrefil  dytamos  gmj^  |ica1iap$,  to  one  firtti,  all 
ih€  alternatoo  to  suiolber,  tfantformers  to  a  Ihtrd,  arc  Ump^  to  a 
focnlli,  and  m)  oti — that  his  ftroposilioii  coaM  be  earned  out,  ancl  I 
Kctieve  I  hat  thrrr  wiU  i^>iae  opt  day  m  thb  country,  soniethiTi^  in  tin 
wmy  c}f  a  oomhinatioA  which  will  be  a  very  ^cat  ^lep  towards  stand - 
;irdtulk>tL 

Every  Arm  ha-s  aiready  tt-^  hnc^  of  b^lt-dri^^n  dynamos,  motors,  uic. 
simi  I  have  never  kimwn  a  con:*ultmg  engineer  who  would  not  ace t  pi 
:i  gmxi  thtng  out  of  ^tock  rather  than  invent  a  spcci&cation  for  it*  Tn 
be  *urc%  absurd  things  are  ocaidionaily  specified  by  coo^titting  engineers, 
bill  if  vow  ejtposttilate  fliey  generalh'  tell  yoti  that  the  rt^^son  for  it  b 
that  they  have  been  bitten  by  some  contractor  aod  that  they  arc  obli|jt?d 
to  he  on  ilie  lafe  Hide,  t  do  not  think  alM>  that  con ^ ling  engioeer^^are 
unrcaAonahlc  if  yon  jiut  the  case  fairly  before  them.  Again,  they  are 
a  »ort  of  living  cotnpcodium  of  all  the  nii;»iake>  made  by  contractor^ 
and  if  you  happen  to  be  going  in  a  wrong  line  they  will  probably  put 
you  right  and  say  that  ^  and  so,  on  inch  an  occasion .  did  j^omething 
limilar  which  proved  dis^trou^i,  and  that  you  had  better  *itecr  cleai 
nf  that.  There  are  ver>^  great  difficulties  in  specifying  ends  with^ 
out  to  *omc  extent  defining  the  mean^  by  which  they  are  to  lie  at- 
tained.  becanse,  in  providing  the  means^,  you  thereby  get  theguaumtce 
required  as  to  the  fulfilment  ol  the  ends  for  a  long  period.  Take  for 
cjtampk  the  in'!tulation  of  a  machine  to  run  at  440  voltv  The  engineer 
will  ^y  that  the  means  by  which  thi*^  running  is  to  be  obtained  is 
that  I  he  insulation  shall  be  such  as  to  stand  an  alternating  pressure, 
*yny,  of  i^ooo  volts  for  an  hour  or  halt  an  hour,  as  the  case  may  be.  In 
tltat  lie  ha.^  a  guarantee  that  the  machine  will  gp  on  running  for  a  lery 
long  period  without  breaking  down.  I  have  known  a  specification— 
though  I  do  not  think  it  was  ever  enforced^ where  a  machine  of  440 
volts  wa*  .%pct"ilied  with  an  insulation  to  stand  an  alternating  pressure 
of  5iOOo  volts  for  an  hour.  This  was,  of  course,  beyond  all  reason* 
but  the  vxphtriatjon  was  that  the  buyers  thought  Ihev  w^ould  be  on 
I  he  sife  ^ide. 

]  take  it  that  Mr.  Sellon  desires  to  call  attention  not  so  much  to  the 
standardis^Uior)  of  small  isolated  plants  as  to  tliat  of  medium-si^ed 
plants  for  central  lighting  and  traction  stations.  There  is  very  great 
ditliculty  in  this  fie  cause  of  the  different  hues  of  engines  made.  Some 
engineers  prefer  a  three-crank,  others  a  Iwo-craJik  engincp  some  have 
triple  expansion  and  some  compound,  some  high-speed  and  some  low- 
speed,  and  the  consequence  is  that  it  is  very  little  use  trying  to  standardise 
such  things  as  steam  pressure  and  pressure  of  supply  and  pressure  of 
generation,  until  you  get  some  sort  of  uniformity'  amongst  the  engine 
makers.  Of  course  if  you  make  both  dvnamos  and  engines  it  is  a 
different  matter,  hut  in  this  country  the  dynamo  makers  generally  have 
to  purchase  their  engines,  and  the  engine  makers  their  dynamos  ;  and  it 
is  much  less  expensive  to  adapt  ^i  dvnamo  to  suit  an  engine  than  vkc 
ver^'il,  because  engine  patterns*  are  very  expensive  and  alterations  to 
engine  patterns  are  very  costly  as  coin  pared  with  alterations  to  dynamo 
pa  i  I  erns. 
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a  lun!  and  isit  Bi 

^ti^^nc,  aad  if  tbe  hh^nct 
doing  tbe  ^mg  heA 
lreqiK»cT.     In 
<or  ropes  ts.  very 

bad,  tuibiiMa  arc 
aC  fact  th^t  tortwMS 
the  nnifarziiitT  of  trminacj  tlicpcforc  jiiipoi«$  ao  diftcmh^r.  But  ^tb 
us  ft  is  qaiic  dkimtit  and  ■ado'  fw&em/L  oooditiotis  the  iuun|£  ol  the 
frequency  at  otir  pHtioitar  v^iaic  «Ki«M  iiupose  **iTr  ijneait  ttvunhk  cm 
ihe  inamiifactMreT.  Tbu  Umfomutr  Coamiiitc^  b*%x  citckawMir^^  to  do 
this  \irnr  thin^  but  I  doikbt  ii  they  hare  rcahscd  exactly  what  tt  uu  4  - 
l\llhtii  wide  fintats  Hie  fTv^quency  really  1%  01  no  impun.iiu^ 
between   40  and  60  00c  (r.  1^  a>  gCH:kd  a>  »to4hcr,  but  iiiAny 

ck>  not   r«^bc  Uus,     to  my  .  1  hjiw  goiie  lt>  a  iKtivKncv   a\ 

tow  ^is  a2,  hut  lh*r  circumstaiiocs  were  cxot^ptit^iyU*  In  i%i^iii\.n>' 
Cities  aonbki^  between  40  ;tiiil  60  is  satti>l<4Clary ;  the  choice  <icpciui*«« 
on  the  palttsms  in  ^ocL  U  i:>  Mgni^CAiit  that  the  linns  on  the 
Coiatineiit  who  cairr  out  large  po\iTf  contracts  have  no  fixed  trc^iuency 
th«  conseqiiencc  beiiig  that  alt^r^*ttlon^  tti  j"mtkTus  mc  iixhictd  to  a 
TiiioimiiitL  The  patterns  *»taii>pitigs.  etc.,  tor  loivkiUnvAll  niacbiiie* 
tome  in  for  120  kilo\ratt>t  when  driven  hi^tei  willi  «tn  iiicrcA>ed 
rrequeiicy,  no  alteration  being  rci|uiiLHl  to  the  i.^ic,i>e.  Accord injc  to 
the  Uniforroity  Lonimittec  llie  tre^u^ncy  ou0n  not  to  Ih*  ,\Ucied»  but 
the  construction  of  the  wholt-  ut.iciTinc  oujthl  to  Ik  tdteied  in  coni»e* 
tiuence.  Prcsuniably  when  it  realises  whiit  this*  nicans  the  tinal 
reconiniendaiions  of  the  Contuiiltcc  will  be  revised*  Tliiti  matter 
requires  to  bt  belter  nndcrsioutl.  The  other  day  a  consnltinn  rngineer 
wrote  us  as-kin^  wliat  it  would  co^t  to  re-wmtl  i»tx)o  kilovv;itts  of  \ism\%' 
Inrmers  we  h.ui  ^upphcd  1 01  a  h  cvjiicncy  of  83.  a^  now  il  was  propohed 
Ut  tnnisniit  the  supply  from  a  distance  ai  50  iicqiRncv.  Of  cour>c  we 
told  hJni  dial  the  lransforniei>  iL-quircd  no  aHcration  wlvulcvci *  H  the 
hiiyerb'  engineers  realised  thai  a  trau^fornici  tliat  works  at  40  would 
work  equally  well  al  60,  and  rkt  vcml  with  the  Mine  lieatinK^aud  tio 
appreciable  difference  in  efticiency,  they  might  be  inclined  to  allow 
contractors  more  latitude.  So  far  as  !  know,  consulting  engineer ?*  have 
iMn%T  dogmatised  about  frequency.  It  is  only  the  ujanuiacturcrH  who 
liarc  done  this/and  the  officials  of  Mr,  SelJon's  compiUiy  wor^t  of  all. 
rht  consulting  engineer,  seeing  at!  utter  want  of  unifi»iindy  among 
;he  ni4nuf.u;turerii,  and  knowing  that  the  mean  fie^nency  for  new 
if^  f  ill  LiMJus  is  about  50  nowadays,  s^pccii'ies  accordingly*  and  really  it  l^ 
vciv  itilhcutl  to  know  what  else  he  could  do;  but  I  am  "*nre  he  doe'^not 
care  what  the  frequency  is,  provided  it  is  within  sucli  limits  a%  iki  not 
tisterfcre  with  tlie  efhciency  of  the  apparatus,  I  have  no  doul»t  tliat  on 
tlu;  ma&tter  being  presented  fairly  he  would  accept  any  frequency 
Ivtween  those  limits,  proiidcd  the  coiadlttoiis  of  the  supply  sa5i\o^%:A 
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Mr.  Rdworlh  lia^  compared  the  differences  in  frequencies-  lo 
differences  of  railway  i^aitgc.  but  surely  there  was  nt^^r  such  a  mis- 
leading aIlabgv^  Unifcmiity  of  railway  |*auge  is  of  panimounl  impor- 
tance because  of  the  through  trafiic.  Through  trains  run  from  London 
to  Aberdeen  over  the  lines  of  no  lcs6  than  four  companies  in  success^ioa 
daily,  but  we  have  nothing  an^ogoi^  yet  in  electrical  distribution* 
There  is  no  occa^iomd  call,  say*  from  Edinburgh  for  a  supply  of  elec- 
tricity  from  Newcastle*  and  the  working  of  these  two  cities  at  a  different 
frequency  is  absolutely  unmiportant.  With  regard  to  motors,  it  is  Very 
easy  to  modify  the  windings  for  different  frequencies^  and  the  matter  i^ 
scarcely  worth  considering  any  more  than  is  the  winding  of  the  shnnl 
coil:*  on  arc  lamps.  Thetse  are  not  the  things  that  are  costly,  but  the 
alterations  of  patterns  to  keep  the  frequency  uniform.  In  conclusion  I 
would  say»  let  us  be  very  careful  that  we  standardise  the  right  things. 
Frequency  is  not  one  of  them  if  cheapness  and  facility  of  production 
ftre  the  desiderata.  Fixing  the  frequency  h:u^d  and  fast  only  defeats 
the  object  in  view.  Rather  let  the  manufacturer  be  given  as  large  u 
selection  of  frequencies  as  circumstances  will  permit,  and  be  allowed 
to  choose  within  Hmits  the  one  that  suits  his  patterns  best.  Otherwise, 
to  use  Mr.  Ra worth's  iumiely  analog\^  we  may  he  dropping  the  lH>ne 
In  the  attenjpt  to  eutch  the  reHection.  We  want  a  real  reformation* 
having  something  practical  for  its  basis,  not  something  which  has  only 
an  academical  value*  as  I  think  frequency  has. 

Mr.  S.  E\'ERSHED  :  I  suppose  wc  have  most  of  us  had  the  experience 
of  reading  a  book  at  some  time  or  another  and  lindly  how  aptly  the 
author  sets  out  a  number  of  our  own  favourite  ictcas ;  in  fact  occasionally 
the  pleasure  rises  to  such  a  height  that  one  feels  quite  drawn  towards 
the  author.  When  1  read  this  paper  my  pleasure  was  very  much  of  that 
sort.  I  felt  that  these  ideas  tliat  Mr*  Sellon  puts  forward  so  very  clearly 
had  long  been  dormant  within  me*  and  when  I  came  to  the  plu-ase 
with  regard  to  the  standardisation  of  tiie  t>uyers'  engineer,  I  could  not 
resist  a  spotitaneous  tribute  to  t!ic  style  aud  the  matter  of  the  paper. 
1  am  not  quite  sure,  however,  whether  1  agree  with  it  altogether*  That 
standardisation  is  very  desirable,  and  a  pressing  necessity  in  England, 
most  manufacturers  are  agreed.  How  it  is  to  be  arrived  at  is  another 
matter.  Mr.  Sellon's  point  with  regard  to  the  buyers'  engineer  is  that 
his  standardisation  is  a  necessary  preliminary,  but  I  think  in  attempting 
to  standardise  the  consulting  engineer  Mr.  Sellon  and  those  who 
agree  with  him  are  entering  on  a  task  wliieh  is  much  more  formidable 
tlian  they  imagine.  Mr.  Sellon  leather  treats  the  buyers  engineer  as 
though  his  tendency  lu  unnecessary  restrictions  and  undue  interference 
were  an  isolated  fact ;  as  though  the  disability  we  are  alt  conscious  of 
labouring  under  were  entirely  confined  to  electrical  engineering.  Now 
it  is  not  Mj :  it  is  only  one  of  the  many  instances  of  the  temperament 
which  is  growing  in  Great  Britain.  Formerly  our  rulers  were  qitite 
content  lo  let  new  industries  struggle  lo  their  feet  just  as  they  could 
without  any  interference,  l^ut  in  these  days  no  new  industry  can 
possibly  ^tart  wittiout  many  restrictions,  rules,  and  regulations : 
Parliament  pouncing  upon  and  iittempting  to  regulate  it  in  evc^y 
possible  and  many  impossible  ways.    We  know  for  how  many  yeiu*s 
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the   electric   lighting   industry   was    made    impossible    by  the    /ussy   ^^^^^^^^ 
busylH)dic^  who  iiivt.*nt  the  kind  of  legislation  so  prevalent  juist  now. 
It   is  not  only  in   our  own   profession   that   this  interference  takes 
place ;  it  is  widespread  throughout  the  whole  of  the  country,  and  is 
increasing  rapidly. 

The  moment  you  ]mi  any  ordinary  Knglishman  in  a  position  of 
authorit)-  he  becomes  a  changed  man.  If  you  take  one  of  our  own 
members,  for  example,  iind  put  him  in  a  position  of  authority,  either 
aii  consulting  engineer  or  in  any  other  capacity*  be  feels  obhged  to 
dmw  up  a  little  private  Act  of  Parliament  of  his  own.  Until  Mr* 
Sellon  can  show  us  some  way  of  altering  the  temperament  of  the 
average  Englis!iman,  I  am  afraid  we  shall  have  to  put  up  with  the 
unstandardised  consulting  engineer.  But  I  am  not  at  ;ill  sure  we 
cannot  do  some  good  in  spite  of  him,  and  when  we  manufacturers 
have  begun  to  do  good  the  consulting  engineer  will  very  likely  help 
lis.  In  my  opinion  the  right  word  fell  from  Mr,  tSlackburn  at  the  last 
oiceting  when  he  said  that  something  could  be  done  by  beginning  at 
hoint%  by  manufacturers  standardising  their  own  plant.  It  is  true  that 
what  Mr.  Essun  has  just  said  is  rather  disheartening.  He  takes  the 
view  that  we  cannot  do  anything  very  much,  but  I  think  some  kind  of 
combination  among  manufacturers,  not  to  settle  types  or  details  of 
machines,  but  what  should  be  the  si^es  and  outputs  of  machines,  what 
j^hould  be  the  definite  sizes  for  cables  and  so  oji.  might  go  a  long  way 
towards  cheapening  production,  because  every  manufacturer  would 
know*  what  sizes  he  was  to  make.  Mr.  Robinson  rather  capped  the 
remarks  of  Mr.  Blackburn ,  but  I  think  we  most  of  us  to  some  e^ttent 
discounted  what  he  told  us  because  he  always  speaks  to  us  with  cheerful 
optimism,  and  we  kjiow  very  well  that  the  difficulties  his  firm  may 
have  met  with  in  standardising  were  certainly  veiy  much  less  than 
they  would  have  been  if  the  Willans  engine  had  not  been  a  perfect 
machine,  which  commanded  the  market  from  the  verv  moment  it 
^-4^  placed  upon  it. 

Now  \  in  my  humble  way  have  been  attempting  to  standardise 
certain  branches  of  electrical  manufacture,  viz.,  instruments,  and  I 
inu5t  confess  that  my  experiences  so  far  have  been  simply  disheartening. 
The  consulting  engineer  very  rarely  specifies  impossible  dynamos*  but 
when  he  comes  to  instruments  he  appears  to  think  that  anything  is 
possible.  One  eminent  consulting  engineer  specified  for  some  device 
to  be  added  to  an  instrument  to  show  which  way  the  current  was 
going,  but  he  said  that  device  must  not  contain  a  permanent  magnet, 
I  told  the  people  w^ho  sent  me  the  inquiry  that  I  thought  the  engineer 
must  have  made  the  greatest  discovery  since  Faraday's  time.  1  went 
to  iee  bim>  and  he  told  me  that  he  had  made  no  discovery.  "  In  fact," 
be  msd^  **  I  am  tbld  that  what  I  have  specified  is  impossible."  *'  Yes/' 
1  saidt  *'  it  is."  *'  Ah,  well,  I  should  not  insist  upon  that/'  The  instru* 
ment  mmker  is  constantly  asked  to  design  impossible  instrutnents  to  put 
upon  boards*  No  doubt  each  instrument  maker  gets  out  a  design, 
but  only  one  gets  the  order.  But  they  all  have  to  be  paid  for  tbje 
de&igitA  which  they  have  made.  UltiTUateJy  th^  consumer  has  lo  p^^ 
for  them.    One  consuJ//%'  engineer  specified  for  an  mstrun\etLl  vjiftv 
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♦I  >c*iJi;  lo  itictics  long  and  capable  of  being  nead  to  2  per  cent,  at 
atnv  part  of  ttic  "^calc  from  zero  lo  tbe  i^nd,  I  pointad  otst  to  him 
Ih^it  each  divisioti  would  then  mcasurtf  ^nacthing  like  the  50th  part 
of  an  incl).  and  lie  bad  to  conft^st^  that  he  could  not  read  it  but 
f^tiitcd  llitfn  that  lu*  meant  rt  should  be  read  to  tliat  accuracy  on  the 
centre  Of  ii^ful  part  of  the  scale*  Thev  not  only  specify  impossible 
conditions  %vith  regard  to  accuracy  and  so  on— and  when  the  right  lime 
comes  I  shall  certainly  have  >onie  suggestions  lo  make  with  regard  to 
*tccuraLy,  heciiuse  in  IhoMf  rcspL-ci^  ^pegiftcations  can  be  st^indardised — 
Kirt  they  specify  as  to  how  the  instrument  maker  shall  make  his  instru- 
nitnt.  They  never  tell  tlje  dynamo  m^muiacturer  that  he  has  to  make 
his  dynamo  mj  th;tl  it  can  be  bolted  to  the  ceiling,  but  they  have  not  the 
least  object iou  to  specifying  that  the  instrument,  for  instance.  !>hail  stand 
on  it*  tertninjib— about  the  worst  way  of  fixing  an  instrument  that  you 
C4m  possibly  imagine.  Vet  we  have  had  many  inquiries,  and  we  liave 
fiad  actually  to  >*upply  instruments  which  are  ^  placed*  I  do  it.  but 
only  undi-r  protest.  The  designing  of  an  in>truinent  so  as  to  reduce  the 
*itr*nn!»  iiind  stres*jc*  to  a  minimum  takes  very  considerubk  time  and 
attention,  and  in  designing  it  one  natundly  has  in  view  what  part  of  the 
ease  of  tlie  instrument  is  going  to  be  used  as  the  bedplate  for  bolting  it 
to  the  switchboard.  But  the  consulting  engineer  settles  how  it  h  to 
Ix*  liolted  up— it  does  not  matter  what  the  inside  i^  like  \  it  is  to  be 
bolted  up  on  its  terminals,  puid  there  it  goes.  Again  take  the  case  of 
edgewise  instruments  which  every  instrument  maker  now  makes.  One 
engineer  ^aid,  he  did  not  want  to  put  tliem  up  edgewise,  they  should 
K"  put  up  with  their  >eales  horiitontal  ;  nor  did  he  want  our  tixing  tor 
holding  Iheni  down  to  the  switehboaid^  because  he  was  going  to  make 
a  hole  through  the  switch  board,  and  put  the  instrument  through  from 
the  back.  Yet  the  very  object  of  the  edgewise  system  is  that  (tie 
instruments  shall  occupy  a  small  transverse  space  ;  if  that  is  not  wanted 
why  should  that  type  he  used  t  In  all  these  ways  the  consulting 
engineer  is  at  the  present  lime  keeping  the  prices  of  instruments  up 
to  an  abnormal  level.  The  cost  of  alterations  to  an  iustrnmenl  bear  a 
far  larger  proportion  to  its  total  cost  thnn  in  the  c;ise  of  the  dynamo, 
It  may  cost,  in  an  instrument  which  will  have  to  be  sold  for  pL'rhaps 
£^  or  £6,  as  much  as  ^£50  to  get  out  new  sets  of  patterns  to  meet  a 
specification.  I  do  not  think  any  dynamo  maker  has  ever  had,  in 
selUng  a  dynamo  for  ;£r,ooo>  to  spend  £2yOO0  or  jfjpooo  in  altering 
the  pattertis  for  any  type  when  he  only  has  an  order  for  a  few 
machines.  I  think  that  the  manufacturers,  by  meeting  together,  not 
actually  forming  a  combination  but  by  lorinirig  a  committee  w*hjch 
would  settle  such  points  as  outputs,  accuracy,  heating  of  armatures  and 
so  on,  could  do  an  immense  amount  of  good  ;  but  the  whole  problem 
of  standardisation  is  a  far  larger  one  thaji  perhaps  Mr.  Sellon  imagines, 
Mr.  L.  AxpKEWS :  We  users'  engineers  apprcckite  Mr.  Sellon's 
paper  as  much  as  do  the  manufacturers,  The  present  tack  of  uniformity 
in  the  various  parts  of  the  country  is  a  great  source  of  nuisance  all 
round.  At  Hastings  we  have  a  periodicity  of  too,  and  ;ifter 
heariiig  the  discussion  at  the  last  meeting  1  went  away  with  the  idea 
that   1   should   have  to  recommend   my  committee  to  scrap  all  our 
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coasting  machines  and  change  to  tlie  50  fRTiodicity.  which  seemed  to 
be  I  he  proper  thin^  to  go  ior.  However,  on  thinking  the  matttT  over, 
I  c;*me  to  the  conchision  that  it  was  almost  an  impossible  thing  for  us  to 
do.  I  have  taken  the  opportunity,  since  the  h^.st  meeting,  of  diH-ussing 
the  matter  with  my  ctiairman,  pointing  out  that  il  a  periodicity  f*f  50 
became  the  standard  it  would  probably  pay  ns  in  the  long  run  to 
change,  becauH?  we  should  tie  able  to  get  our  machines  cheaper* 
1  suggested  that  it  would  cost  very  much  less  to  cliange  now  than  it 
would  in  two  or  three  yeani  time.  But  hts  reply  was  that  if  wc  went  lo 
the  ratepayers  to  ask  for  a  large  sum  of  mo  ran'  to  replace  onr  present 
pUnt.  il  would  shake  their  contidence  in  the  electrical  nnderlaking* 

I  quite  agree  with  Mr.  Sellon's  suggestion  thai  e ngi nee rt^  should  state 
more  cle^arly  the  ends  or  performance  they  require  for  the  plant  rather 
than  give  detmls  of  construction  :  t>ut  if  certain  constructional  details 
:ire  not  to  be  insisted  upon,  the  niannfactnrers  ought  to  take  greater 
responsibility  as  to  the  behaviour  of  the  plant.  It  appears  that  sojne 
manufacturers  think  they  ought  to  be  kft  to  determine  how  the  plant 
^liould  lie  desigaed,  and  that  it  should  then  be  handed  over  to  the  station 
tiigirieer,  who  is  to  take  the  entire  responsibility  of  its  turning  out  all  right, 
I  do  not  think  it  is  quite  fair  lo  blame  either  the  users'  engineer  or  the 
buyers  engineer  for  the  present  lack  of  uniformity  iji  electrical  engi- 
neering plant  If  I  may  refer  to  the  case  of  Hastings  station,  for 
instance*  that  has  been  morcL  or  less  guided  by  manufacturers  ever 
^ince  its  connncncement  about  eighteen  years  ago.  Up  to  the  year 
tf*QO  the  Hastings  Company  was  supply iJig  current  to  its  consumers 
a|>:Hi  the  old  Brush  series  system,  but  the  manufacturers  to  whom  the 
Lngiucers  of  the  Company  looked  for  advice  told  them  that  if  they 
wished  to  keep  pace  with  tlje  times  they  must  scrap  their  existing 
P#rush  scries  plant  and  go  in  for  an  up-to-date  standard  alternating 
p.irallel  system  of  supply  with  100  periodicity.  The  Hastings  C-om- 
f»Any  did  so  about  ten  years  ago.  Now  wc  are  told  that  we  ought 
to  change  ag^in.  Again,  although  the  Company  went  to  a  very  heavy 
expense  to  change,  they  did  not  appear  to  get  very  much  nearer 
die  standard  plant,  for  the  transformers  of  iWyz  w*ould  not  work 
in  pandlel  with  the  transformers  in  iHtjq,  and  the  spare  parts  got  for  an 
engine  in  i%2  would  not  suit  an  engine  built  in  184)4,  I  do  not  think 
that  wus  the  fauli  of  either  the  buyers  or  the  users  engineer  j  it  appears^ 
t  ►  hi:  quite  as  much  the  majiufacturers*  fault,  I  quite  agree  with  the 
;[>It  of  >landm-disation»  but  it  is  rather  difficult  to  carry  out  on 
p-.ing  stations. 

Mr.  Stlaht  a.  Rr^RLL  :  The  author  of  this  pai^jr,  in  laying  stress  on 

le  standardisation  of  sijscs  of  units,  has  begun  rather  at  the  wrong  end, 

5r.  E^^sofi  has  already  spoken  of  the  variation  of  the  speed  of  engines,  but 

1^-  makers  (ixed  their  speeds  and  sii^es  of  engines  before  the  dynamo 

■^  cotild  come  to  any  standards  at  all,  aud  we  certainly  cannot  *isk 

t  to  change.     Let  us  say  there  is  one  maker  who  runs  10  per 

^ r  than  another  ;  he  cannot  give  up  that  10  per  cent,  and  so 

redcic<^  Ujc  output  0I  his  engine  by  10  per  cent,  to  allow  the  dynamo 
-3akcr*  10  have  standardised  units.  That  difficulty  will  certainly  stop 
mr  »l;inilafdtsation  of  sisies.     With  regard  to  sniall  he  It -driven  plani 
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» as  I  be&ero  tea  coasiteiiie  ad^g  ia  tte 
L  be  mde  thmktf, 
Tbene  av^  GCrt^ni  other  poioi^  aot  aeiriiaBcd  lif  tfae  araflior  io  the 
ThcT  are  m  a  «av  Haor  f  uinliw  bflt  diej  ofiler  much  iess 
diiicaltTt  and  m^ht  be  Jtaadafdnoi  «^  adgani^ge,  Tbe  ratiitg  of 
mm^hmioi  is,  for  csBople,  5o«eiiiut  ^c^ae  at  pf«$c«st  Jl  ux^  can 
coiEic  lo  a  dect$if3D  tbat  {S9j}  a  ^o-kiftowatt  mAcfatoe  <IliI1  be  one  lliat 
can  give  ^o  kiloisiralls  ooalniooBslr  for  a  oertzin  nimiber  ol  hcMirs 
witbout  more  than  a  cotam  naaiber  oi  d^^res  risr  in  teoipcruture 
at  Ihtr  end  cil  thai  time,  aibd  if  evervbodj  ttiidcrstuids  thai  thb  it^  the 
test  to  be  applied,  we  shall  at  least  have  ^ned  ^>melhing.  Re- 
ference has  hecfl  made  lo  the  Admirahy  fpedficaliotL  Utidotibtedly 
that  did  much  to  snipnyve  and  raise  the  Ideas  ol  dynamo  makers. 
Wlien  It  w;is  first  issued  it  imposed  ^mewbat  more  severe  conditions 
than  most  of  them  were  able  to  meet,  and  the  Admiralty  did  indeed 
change  l\mr  i>pecification«  They  do»  however,  specify  exactly  as 
regards  the  rise  of  rcmpcratiire,  and  our  difficulty  as  manufacturers  is 
ralher  I  hat  one  engncg^o^cifigsi  a  ri^*  of  30',  another  ii  content  \%ith 
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TAIiLK   A.— FKKyrKXCIES  OF    BRITISH   ALTERNATE- 
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the  number  of  machines  started  at  the  various  periodicities  during  each 
year  since  18S8.  Before  that  date  there  were  only  five  stations  in  opera- 
tion. There  are  a  few  more  in  this  Hst  thaif  Mr.  Sellon  has  given,  owing 
to  the  inchision  of  those  which  are  to  be  started  this  year.  The  noticeable 
fact  is  that  periodicity  is  standardising  itself  very  quickly  towards  50 
periods.  For  four  years  there  has  only  been  one  station  started  with 
any  periodicity  other  than  100,  60,  and  50,  and  that  is  the  Redditch 
station,  which  is  quite  small  and  which  will  probably  follow  Mr. 
Ferranti's  advice  and  come  over  to  50  periods  later,  or  to  60  at  any  rate, 
by  slowing  down.  The  question  is  really  settling  itself,  therefore,  and 
I  think  this  will  apply  to  a  good  many  other  classes  of  manufacture.  I 
have  included  continuous-current  stations  in  the  table,  and  the  very 
large  number  of  440-volt  continuous-current  low-tension  stations  now 
being  started  should  be  noticed.  They  are  now  preponderating  very 
largely  over  the  alternating  and  the  high-tension  Oxford  system. 

But  this  question  of  standardisjition  is  such  an  important  one,  both 
to  the  manufacturer  and  consumer,  that  it  should  not  be  left  merely  to 
settle  itself,  and  Mr.  Sellon's  paper  on  the  subject  is  very  opportune, 
jl/fi/iii/acturcrs  would  bo  consulting  their  own  interests  in  the  end  to 
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J-w  down  definite  standards  for  their  special  classes  of  goods,  mid  to 
mfii^c  to  consider  orders  in  which  minecesj^iry  variations  from  these 
^Ufid^trds  were  specified.  And  the  Institution  as  a  body  could  do  a 
^Tcat  deal  to  help  in  keeptnf^  these  standards  nniform  by  bringing  the 
i-irioits  nianufiictnrer*i  and  consumers  into  consultation. 

Mr.   A,    E.    Lt-:vix  :    In  considering   the  et^ect  of    the  consulting  ^^-  L*viii. 
engineer  on  standardisation  of  plants  it  may  be  perhaps  interesting  to 
bok  at  what  is  happening  on  the  Continent.    The  Continent  is  usually 
regarded  as  a  kind  of  terrestrial  paradise,  where  consultants  cease  from 
troabling  and  designers  are  ai  rest,  but   I  think  we  shall  find   that,  in 
spite  of  this,  st'tndardisation  has  not  made  very  g>*eat   proj:»ress  there, 
To  UUcc  a  small  but  by  no  means  iminiportant  matter,  tlvere  is  not  tvftn 
ctandard  s^-^tem  of  screw  threads  in  spite  of  the  eiiontiou^  a;dvaTkl*Ag<£ 
jttvned   by   the  umver-^il  use  of  the   metric   system,     Some   tn^tnu- 
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Mr.  i^nn.  facturcrs  use  the  Whit  worth  thread  pure  and  simple  ;  some  use  an  even 
diameter  in  millimetres  with  the  nearest  WTiitworth  pitch,  while  others 
have  adopted  a  metrical  diameter  and  metrical  pitch,  which  is.  after 
all,  the  most  logical  arrangement.  Coming  to  electrical  questions  we 
find,  although  the  periodicity  is  usually  lower  than  was  formerly 
customary  in  this  country— that  is  to  say,  from  40  to  50  or  perhaps  60 — 
yet  there  is  by  no  means  uniformity  in  the  exact  value  of  the  periodi- 
city. In  Switzerland  alone  there  are  stations  running  with  35,  38,  40, 
42,  45,  48,  50,  and  52  periods.  I  venture  to  diflFer  from  Mr.  Esson 
when  he  says  the  question  of  periodicity-  is  not  a  very  important  one. 
Although  a  difference  of  two  or  three  periods  may  not  afifect  motors  or 
transformers  at  all,  yet  even  the  differences  which  I  have  mentioned, 
say  iK'tween  40  and  52  or  55,  are  sufficient  seriously  to  hamper  the  pro- 
duction of  small  motors  in  large  numbers,  or  the  stocking  of  such 
motors  ready  for  work.  The  moral  to  be  drawn  therefrom  is  that 
standardisation  must  begin  with  the  larger  plant  and  not  with  the 
smaller.  Every  generator,  at  all  events  every  large  generator,  which  is 
built  and  turned  out  with  an  abnormal  frequency  creates  a  market  for 
motors  and  transformers  which  will  probably  soon  attain  a  much  larger 
value  expressed  in  total  cost  price  than  the  generator  itself,  so  that  the 
evil,  once  started,  will  go  on  increasing.  The  tendency  which  is  now 
so  very  distinctly  shown  by  the  tables  prepared  by  Mr.  Birks  to  bring 
down  the  frequency  to  a  standard  value  of  50  is,  I  believe,  a  very 
healthy  sign,  and  I  have  no  doubt  that  it  will  make  itself  felt  in  the 
future. 
Mr.  Addcn-  Mr.  G.  L.  Adden'brooke  :  I  think  it  was  rather  a  mistake  of  the 

brookc.  Institution  to  define  frequency  with  great  strictness,  as  there  is  not  yet 

a  sufficient  amount  of  knowledge  to  enable  us  to  define  the  frequency 
except  in  large  ratios.  I  think  that  as  we  progress,  and  are  able  to  go 
more  carefully  into  the  actions  of  alternating  motors,  we  shall  arrive  at 
reasons  which  may  cause  us  slightly,  or  even  considerably,  to  vary 
frequencies  from  those  now  used.  And  although  it  may  be  desirable  to 
standardise  the  frequency  for  the  moment,  yet  it  is  very  important  to 
prevent  that  stopping  progress.  I  cannot  help  thinking  that  many  of 
the  difficulties  which  have  arisen,  and  which,  no  doubt,  to  a  large  extent 
have  given  rise  to  Mr.  Sellon's  paper,  have  been  due  to  the  fact  which 
Mr.  Evershed  has  referred  to,  namely,  that  the  progress  of  the  electrical 
industry  in  this  country  has  not  been  a  normal  one.  I  have  had  occasion 
to  go  into  the  question  lately,  and  the  more  carefully  I  have  considered 
it,  the  more  clearly  it  has  become  apparent  that  the  industry  in  this 
country  has  been  forced  out  of  its  natural  lines  by  legislative  action. 
This  fact  affects  the  question  in  many  ways  that  do  not  seem,  at  first 
sight,  to  have  anything  to  do  with  it.  For  instance,  the  fact  that  most 
of  the  work  was  practically  thrown  into  the  hands  of  municipalities  led, 
at  a  certain  period,  to  a  large  number  of  young  men  with  very  little 
commercial  experience  (probably  not  more  than  that  obtained  by  going 
through  works)  being  appointed  as  station-engineers.  In  the  usual 
course  of  things,  if  there  was  a  consulting  engineer  to  start  with,  the 
Town  Council,  after  a  time,  think  that  his  services  are  superfluous,  and 
that  they  had  better  trust  their  own  engineer.    Many  of  those  young 
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men  have  been  very  soccessfnl,  ami  bavc  begtia  to  draw  tlie  S[>e€ific3i- 
tions  which  they  tbtnk  proper,  whereas  linere  is  no  doubl  Ifaai  the 
dratwiQg  and  haxKlting  of  a  proper  spectic^tion  are  the  most  diflictiH 
things  that  one  can  well  come  across.  As  Mr,  Hammond  has  said,  the 
consulting  engineers  whom  corporations  ii^ecm  to  delight  to  consult  arc 
really  what  may  he  called  putters-through  of  jobs  on  the  most 
economical  lines  for  their  customers.  Of  course  that  h  one  view  of  the 
consulting  engineers  position,  but  I  venture  to  say  that  is  not  the  view 
held  in  other  branches  of  engineering,  and  that  the  experience  of  two  or 
three  centuries  with  other  forms  of  engineering  has  shown  that  there 
h  room  for  at  any  rate  a  certain  number  of  consulting  engioeer^  who  do 
know  their  work,  and  who  are  At  any  rate  something  more  than  putters- 
through  of  jobs  on  economical  lines.  A  Uttlc  later,  when  the  interests 
of  electrical  undertakings  get  larger^  and  huge  sums  of  money  must  be 
spent  on  them,  perhaps  there  may  be  a  greater  inclination  to  look  for 
real  scientific  and  good  advice  on  these  subjects.  On  the  other  hand, 
the  fact  that  municipalities  with  no  consulting  engineer  have  very  Uttlc 
knowledge  of  electricity,  and  are  liable  to  t>c  swayed  to  a  certain  extent 
hy  those  who  most  persistently  put  their  claims  before  them,  has  led  lo 
a  great  deal  of  work  in  this  country-  being  done  by  men  who  I  do  not 
think  would  have  been  employed  b^^  shareholders  if  they  were  risking 
their  own  money  in  the  undertakings,  and  some  of  these  men  have  no 
doubt  issued  some  very  extraordinary  spec iticat ions.  1  think  the 
matter  is  settlmg  itself  to  some  extent, and  although  1  think  Mr,  Sellouts 
f^pcr  will  be  most  useful  in  calling  attention  to  the  question^  it  would 
he  a  pity  for  the  Institution  to  go  too  far  in  endeavouring  absolutely  to 
standardise  things.  That  is  rather  a  manufacturers'  question.  There 
are  numbers  of  things,  as  for  instance  sizes  of  shafts  and  bei^rings, 
which  should  be  what  Ihcy  are  specified.  It  is  quite  possible  that 
Willans,  and  other  good  makers,  make  their  engines  with  the  bearings 
actually  the  size  they  arc  supposed  to  be,  but  that  is  by  no  means 
-ilways  the  case.  It  would  be  extremely  convenient  if  the  sij:cs  of  shaft ji 
tvere  really  as  specified,  and  not  left  to  the  man  a  I  the  lathe  to  take  his 
final  cut-o£f  to,  say,  within  a  64th  of  an  inch.  Much  work  of  that  kind  could 
be  standardised  %^cry  well^  but  by  the  manufacturers  themselves,  with, 
pcrliaps,  the  assistance  of  consulting  engineers*  But  standardisation  of 
principles,  as  other  speakers  have  s,iidt  is  a  very  difticult  inaltcr.  As 
an  instance :  with  regard  lo  tramway  work,  ^Ir.  Stuart  Russell  has 
spoken  of  standardising  that  with  lighting  work,  I  think  tlicrc  is  Utile 
doubt  tf  we,  and  the  Americans  also,  were  beginning  tramway  work 
all  over  again,  but  with  our  present  experience,  we  should  prefer  600 
to  5PO  volts*  It  would  lead  to  an  enormous  saving  of  copper  and  drop, 
and  would  have  many  advantages.  The  fact  that  Mr,  Stuart  Russell 
argues  one  way  and  I  can  at  once  hriug  forward  an  argument  in 
another  direction,  shows  how  diftictdt  the  question  is.  The  moment 
yoo  begin  to  standardise,  especialiy  on  matters  of  principle,  you 
Qficfi  up  a  field  for  illimitable  argument,  so  that  I  think  it  is  not 
fed VI >A hie  to  go  too  far  in  that  way,  but  to  begin,  as  other  viuoy\c 
Itave  said,  at  the  bottom. 

Mr-  C.  E>  GmvB^  Several  kmdm  of  sfandardisiition^.  are  nvenV"ioB*:v\ 
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basis  for  empiricism  if  they  had  been  artfully  employed  ;  but 
as  electricity  has  escaped  abuses  I  trust/'  etc.,  etc. 

John  Freke,  F'.R.S.,  who  was  elected  Surgeon  at  St. 
Bartholomew's  in  1729,  is  incidentally  referred  to  in  Field- 
ing's well-known  novel,  **  Tom  Jones/'  as  an  authority  on 
the  subject  of  medical  electricity. 

It  is  now  one  hundred  and  fifty  years  since  the  begin- 
ning of  Medical  Electricity.  During  the  whole  of  that  time 
it  has  had  to  light  its  way  in  the  face  of  many  difficulties, 
and  the  most  serious  of  these  has  been  the  passive  resistance 
of  medical  men  themselves.  The  vitality  which  the  subject 
has  shown  under  adverse  circumstances  is  most  significant. 
Medical  electricity  advances  steadily,  and  the  progress  during 
the  last  decade  has  been  very  great.  The  commercial 
application  of  electricity  and  its  house  to  house  distribution 
by  Electric  Lighting  Companies  have  called  into  existence  a 
huge  number  of  new  instruments  and  new  methods  of  treat- 
ment, and  is  helping  the  spread  of  the  study  of  medical 
electricity  by  simplifying  the  means  of  obtaining  the  current 
when  required.  The  accumulator  has  been  of  great  ser\-ice 
by  affording  a  trustworthy  source  of  currents  for  the  use  of 
surgeons  in  their  galvano-cauteries  and  exploring  lamp  in- 
struments. The  discover^'  of  the  X  rays  and  their  applica- 
tion to  surgery  and  medicine  have  also  done  good  to  the 
cause  of  medical  electricity  by  bringing  electrical  apparatus 
into  more  extended  use,  and  the  founding  of  X-ray  depart- 
ments in  hospitals  gradually  leads  to  the  development  of 
electro-therapeutic  departments  in  places  where  these  are  not 
already  in  existence.  Most  of  the  London  hospitals  now 
have  electrical  departments,  and  these  are  of  manifest 
utility.  At  St.  Bartholomew's  Hospital  we  have  about  six 
hundred  cases  referred  yearly  to  the  electrical  department 
from  all  quarters  of  the  hospital,  exclusive  of  the  cases  for 
X-ray  photography,  the  numbers  of  which  are  even  greater. 
And  the  results  of  our  treatment  will  compare  favourably 
with  those  in  any  other  branch  of  medical  practice. 

It  is  a  little  difficult  to  speak  on  a  medical  subject  before 
a  non-medical  audience  without  incurring  the  suspicions  of 
those  who  are  always  on  the  alert  for  signs  of  unprofessional 
behaviour,  and  there  is  no  branch  of  medical  practice  upon 
which  the  fierce  light  of  criticism  shines  more  sharply  than 
upon  medical  electricity.      I  shall  therefore  have  nothing 
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to  say  on  such  matters  as  the  relation  of  cases,  statements  of 
cures  and  so  forth,  which  might  be  thought  to  be  unsuitable 
to  my  audience,  but  will  try  to  meet  you  on  the  common 
ground  of  apparatus  and  methods,  and  in  particular  I  shall 
try  to  lay  before  you  some  of  the  difficulties  and  problems 
which  arise  in  the  course  of  our  medical  work,  in  the  hope 
that  some  of  them  may  be  solved  by  the  advice  and  sug- 
gestions of  those  who  are  here  present* 

From  conversations  which  I  have  had  at  various  times 
with  engineering  friends,  1  am  disposed  to  think  that  the 
number  and  extent  of  the  applications  of  electricity  to 
medical  practice  are  not  generally  realised  by  electrical 
engineers.  Indeed,  when  I  have  observed  any  reference  at 
all  to  medical  electricity  in  the  proceedings  of  this  and  of 
kindred  societies,  the  reference  has  usually  been  one  of  dis- 
avowal and  dislike.  I  therefore  feel  that  in  making  the 
present  communication  to  you,  I  am  undertaking  the  task 
of  trying  to  show  that  electrical  applications  have  a  large 
and  legitimate  lield  of  usefulness  in  medical  practice  ;  that 
it  is  quite  possible  to  practise  medical  electricity  without 
thereby  becoming  an  outcast,  and  that  the  advertisements 
of  electropathic  or  magnetic  appliances  do  not  represent  the 
position  of  medical  electricity  any  more  than,  shall  we  say, 
Keeley  represented  all  that  was  best  and  truest  in  electrical 
engineering. 

If  what  1  have  to  say  to  you  may  seem  to  be  about 
trifling  matters,  I  hope  you  will  bear  in  mind  that  our  unit 
is  the  milliampere,  while  yours  is  the  kilowatt,  and  that  the 
currents  which  we  handle  and  use  would  make  but  a  small 
figure  if  their  energ\"  were  expressed  in  terms  of  horse- 
power. Nevertheless,  in  the  small  technical  matters  which 
have  to  do  with  the  management  of  various  kinds  of  small 
electrical  apparatus,  the  medical  man  requires  a  thorough 
proficiency,  because  it  is  absolutely  necessary  that  he  shall 
be  able  to  make  his  apparatus  work.  On  that  account  we 
may  appear,  in  certain  matters,  to  take  elaborate  precautions 
which  might  seem  to  you  to  be  hardly  necessary*  With 
otir  coils  and  batteries  we  require  unfailing  [iiethods  for 
increasing  or  decreasing  the  current  sent  through  the 
patient,  without  stops  or  jerks.  We  have  to  deal  with  the 
electric  light  mains,  either  direct  or  alternating^  or  boih. 
And  we  have  evolved  for  ourselves  a  long  arra^  o^  eotvVu- 
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varices  for  uiiltfiing  the  [mbiic  supplies  of  dectricity  for 
mecjbcal  purpose.  Small  tniiuloniiers»  portable  accumu- 
lators, resistances  to  provide  slopes  of  polentiaif  which  can 
be  tapped  as  desired  for  irarying  roltages,  contri\'ajices  for 
using  the  mmns  for  alJ  sorts  of  medical  purposes  are 
all  enlisted  in  medic^  work.  The  s^lical  machine  is  also 
coming  again  into  favour,  and  to  use  a  statical  machine 
one  must  know  enough  about  its  management  to  be  quite 
sure  that  after  a  patient  s  arri\'aJ  there  £hali  be  no  awkward 
failure  of  the  machine  to  excite.  Otherwise  we  are  likely 
to  be  condemned  as  not  understanding  our  apparatus,  and 
the  padient  may  be  lost.  All  these  little  matters  can  only  be 
leartied  gradually,  and  through  a  course  of  failures  and 
disappouitments*  And  when  they  have  been  Itarned 
thoroughly,  they  constitute  a  very  fair  claim  to  the  title  of 
dectrician. 

The  use  of  electricity  in  the  production  of  hot-air  baths 
with  incandescent  lamps  or  electrically  healed  coils  of  wire 
as  the  source  of  heat  is  a  development  of  some  promise  ; 
while,  in  the  immediate  future,  we  can  see  the  approach  of 
new  metiiods  of  treatment  by  the  light  of  the  arc  lamp. 
Each  of  these  uill  demand  a  fre^Ji  extension  of  the  field  of 
electrical  operations  which  the  medical  man  will  have  to 
learn. 

And  now  1  feel  sure  that  some  of  you  are  ready  to  ask 
what  can  be  done  with  all  these  numerous  forms  of 
apparatus,  Vou  might  be  inclined  to  ask  me|  as  a  patient 
of  mine  asked  me  the  other  day,  whether  I  had  ever  done 
anybody  any  good  by  electricity. 

We  will  take  the  simplest  things  first*  No  doubt  it  is 
familiar  to  all  of  you  that  an  electric  shock  produces  a 
muscular  contraction,  but  possibly  you  may  not  all  be 
aware  of  the  extent  to  which  the  study  of  the  muscular  con- 
tractions  has  been  developed.  The  muscles  and  their  nerves 
are  tested  by  the  application  of  the  induction  coil  current, 
and  by  the  direct  current  of  a  battery  of  cells  ;  the  effects  at 
opening  and  at  closing  of  the  circuit,  the  comparison  of  the 
action  of  the  positive  pole  with  that  of  the  negative,  and  the 
ttieasurement  of  the  current  needed  to  produce  visible  con- 
tractions are  all  examined,  and  in  this  way  a  system  of 
electrical  testing  has  been  devised  which  affords  the  most 
valuable   indications   in   the  diagnosis  of  diseases  of   the 
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ntsrvous  s\-stena-  An  ituportaiit  part  of  the  work  in  the 
electrical  department  of  .1  hospital  is  the  te^^ting  and  reixirl- 
ing  upon  cases  of  injury  or  disease  of  [hv  v-;inous  jiorlions 
of  the  nervous  system  and  of  the  muscles,  and  the  accuracy 
of  the  answers  given  by  electi  ic^il  testing  is  sumclhing  to 
delight  one.  For  exactness  and  snnplicity  in  its  responses, 
one  might  compare  electrical  testing  lo  the  proccssci^  of 
measuring  with  a  yard  measure  or  weighing  in  a  p;iir  of 
scales  ;  and  numerous  cases  which  are  tpitte  obscure  until 
tested  electrically,  become  as  clear  as  daylight  as  soon  as  the 
test  has  been  made. 

The  behaviour  of  a  muscle  under  electrical  stiuiulatu^n 
is  peculiar,  and  1  think  it  may  be  useful  to  describe  it,  A 
simple  shock,  such  as  a  single  discharge  of  an  induction 
coil  or  of  a  condensef,  or  a  spark  from  the  prime  conductor 
of  a  static  machine,  causes  a  single  nuiscular  twitch »  which 
within  certain  limits  is  proportionate  to  the  energy  of  the 
discharge  ;  the  contraction  lasts  about  luie-teivth  of  a  second, 
A  rapid  succession  of  shocks  chuscs  a  succession  of  con- 
tractions which  become  fused  so  that  the  muscle  enters  into 
a  permanent  state  of  contraction  which  lasts  as  k>ng  as  the 
stimuli  are  applied.  Stimulation  applied  to  a  nerve  ciuisen 
contraction  in  its  corresponding  muscles,  and  when  the 
stimuli  are  applied  to  the  muscle  itself,  it  is  through  the 
agency  of  its  nerves  that  the  stimulatitui  acts. 

With  u  continuous  current  the  behaviour  is  ditferent. 
Here  there  is  a  twitch  at  the  moment  of  closing  the  circuit 
through  the  nerve  or  the  muscle.  The  muscle  then  remains 
quiescent  and  almost  completely  relaxed,  while  the  current 
still  flows,  and  another  twitch  is  produced  when  the  circuit 
is  broken*  This  is  the  sequence  of  events  wUli  the  currents 
of  about  five  milliamperes  which  are  used  for  testing.  With 
currents  four  or  five  times  as  strong  the  muscle  enters  into 
permanent  contraction  with  cunt  in  nous  currents.  These 
contractions  at  make  and  break  may  seem  to  recall  the 
phenomena  of  electro-magnetic  induction,  but  the  analogy 
is  more  apparent  than  real. 

In  certain   kind^  of  paralysis  these   reactions  change^ 
and  all  irritability  of  the  muscle  to  coil  currents  disappears, 
Slimulation  of  the  nerves  gives  no  response  either  to  coil  or 
cell%  but  the  contractility  of  the  muscle  remains  for  cvwm^Xi?* 
firom  the  cells  appJied  d/rectly,  and   may   he  taott  <i'A^v\^ 
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excited  than  in  health,  while  the  contraction  itself  changes 
in  character  from  a  rapid  twitch,  lasting  one-teiith  of  a 
second^  to  a  slow  filuggish  movement^  lasting  three  times 
ati  long. 

Stated  briefly,  the  above  are  the  observed  facts  of  what 
in  known  as  the  Reaction  of  Degejieration*  Its  v*aluc 
depciidw  upon  the  (act  that  it  occurs  only  when  tlie  cause 
of  the  paralysis  occupies  certain  definite  portions  of  the 
nervous  system.  By  its  presence  or  absence  we  can  there- 
fore detcrniinir  with  great  nicety  the  seat  of  the  disease  or 
injury,  A  point  which  is  not  yet  explained  is  why  the  coil 
disicfiar^e  should  Ix'conie  ineffective  on  muscle  w^hich 
retains  the  power  of  responding  to  the  battery  current- 
What  are  the  electrical  differences  between  the  two  modes 
of  stimtilation  ? 

Next  as  In  electrtcHl  treatment.  Progress  in  medical 
treatment  usually  moves  along  two  line^*  One  of  these  is 
based  upon  experimental  physiology,  that  is  to  say  upon 
a  study  of  the  various  processes  in  liealthy  tissues,  and 
depends  on  the  application  of  the  facts  observed  to  various 
morbid  states.  The  other  line  of  advance  is  by  direct 
experimejit  in  a  more  or  less  haphazard  manner  upon  the 
sick.  In  medical  electricity,  as  in  medicine  generally,  both 
these  lines  have  been  followed.  If  we  consider  the  first,  w^e 
can  apply  the  observed  fact  that  electricity  is  a  stimulus  to 
certain  hving  tissues,  by  asking  how  stimulation  may  be 
made  Lise  of  in  disease.  The  fact  that  electricity  is  a 
stimulus  is  easy  to  perceive  in  the  case  of  nerve  and  muscle, 
and  in  the  case  of  the  sensory  nerves  of  the  body,  and  it  is 
not  difHcult  to  prove  that  it  acts  in  this  way  upon  all  living 
tissues,  and  the  employment  of  electricity  in  disease  is  very 
largely  an  application  of  this  process  of  stimulation. 

Beard  and  Rockwell  in  the  United  States,  and  D6b6dat 
in  France  have  shown  experimentally  that  in  young 
animals  the  rate  of  growth  can  be  accelerated  by  suitable 
electrification.  The  former  electrified  daily  two  young 
puppies,  and  found  that  they  grew  faster  than  those  of  the 
same  litter  which  were  not  electrified.  Debedat  in  the 
same  way  proved  an  increase  of  weight  in  certain  muscles 
of  rabbits  as  compared  with  other  non-electrified  muscles 
in  the  same  animals ;  the  latter  thus  showed  a  local  effect 
from   localised   electrification,  the  former  a  general  effect 


from  geiiend  appficaiiofisvaiid  this  divi^on  into  giMiend  ^uid 
local  ti^atment  is  aa  oseml  one.  Thus  lor  general  diseases 
one  gives  a  geno^  treatment,  and  foe  local  diseases  a  local 
appKcation.  D'Arsoox-al^  by  oLlortmeter  ohsen^tioivs  and 
cliemical  analysis  of  the  expired  air,  has  cslahltshcd  the  !,tct 
that  electriBcation  increases  the  actixity  ot  the  ti^^oc  ex- 
changes of  the  body-  Capriati  recently  has  shmvn  by  care* 
f ul  dynamometric  researches  that  the  application  of  electricity 
to  the  central  nenous  system  in  the  fonn  of  a  conlinuotis 
current  along  the  spine  does  undoubtedly  incrciM-  the 
inu^olar  power,  and  that  ap^^lications  to  the  nuiifcles  of  a 
limb  have  the  isanie  effect.  In  the  I'nited  States  it  is 
becoming  fairly  common  for  athletes'  to  undergo  electrical 
treatment  when  preparing  for  a  contest.  General  electrify 
cation  applied  to  cases  of  simple  failure  uf  nutrition,  such 
;is  debihty  after  illness^  or  debility  ot  any  kind,  produces  a 
rapid  iinprovemenl  in  tlie  condition  of  the  patient.  In 
rickets,  which  is  a  comparatively  simple  furni  of  defective 
nutrition,  electrical  applications  have  lieeti  sliown  by  many 
Observers  to  have  a  very  high  \^alue.  The  more  complex 
forms  of  defective  nutrition  such  as  rheumatism,  gout,  and 
diabetes  aie  not  yet  completely  controlled  by  electricity,  but 
indicattuns  are  not  wanting  that  in  time  good  results  may 
be  expected.  Already  electricity  is  doing  mucli  for  these 
conditions* 

In  the  held  of  paralytic  conditions  there  are  cer Uun 
?)trict  limilations  lu  the  utility  of  electrical  treatment,  and  it 
is  here  that  electricity  has  lost  credit  quite  undeservedly* 
People  have  expected  electricity  ti>  work  miraclesi  and 
because  it  could  nut  du  so  have  ci>ndenined  it  as  useless 
altogether-  When  paralysis  is  due  to  some  mechanical 
obstruction  or  destructive  process  in  the  nerve  centres  of 
the  brain  or  the  spinal  cord,  or  wlien  it  is  due  to  certain 
progressive  degenerations  in  thequahty  of  those  parts,  Uien 
electricity  is  powerle^  to  help.  So,  too,  when  paralysis  in 
due  to  a  breach  of  continuity  in  a  nerve  trunk,  electricity 
can  do  nothing  until  the  surgeon  has  intervened  and 
re*^united  the  severed  ends*  In  the  latter  case  electricity 
comes*  in  quite  properly  afterwards  tu  promote  tfie  recovery 
of  functions  which  had  fallen  iiitu  abeyance  ;  in  the 
former  the  surgeon  cannot  help,  neither  can  e\ecltvc\VNj, 
Thcrefure  it   is  wry  impurUnt  to  iniiist  that   \\\  \T*vt'AV^*isv*i 

*J4 
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Ihtre  are  cas^e^  suitable  for  electricity  and  ca^ics  which  arc 
tin^i tabic.  Happily  the  oiimber  o(  Uiosc  which  arc 
greatly  beneBled  by  electricity  is  a  consideniblc  oiie< 

Another  field  in  which  electricity  is*  useful  is  in  ihc 
relief  of  pain-  Oftentime**  it  act?i  by  infiuencing  the  circu- 
lation in  tiie  painful  part  ^nd  reheving  congestion  and 
prchsure  in  the  blood- vesseb.  This  I  believe  to  be  its  inodt! 
of  action  in  sciatica,  lumbago  and  rheumati^ini,  and  in  some 
neuralgias*  At  other  times  it  seems  to  relieve  a  neuralgic 
pain  by  some  direct  influence  upon  the  nen'e-lrunk  in 
which  the  pam  is  felt.  Effects  upon  the  circulation  are 
probably  the  inipoiiant  factor  also  m  the  relief  of  sprains, 
and  in  removing  the  chronic  sliflness  which  may  be  felt  in 
or  around  joints  ;\s  the  result  of  injur>*  or  disease.  In  this 
there  is  scope  for  considerable  development-  The  good 
results  which  can  be  obtained  are  undoubted,  although  it  is 
nut  generally  known  that  this  is  the  c^ise. 

Electricity  c"in  also  be  used  to  proniole  the  passage  of 
drugs  into  or  through  the  skin,  and  this  has  a  few  minor 
applications  in  medical  practice,  among  others  fur  the  intro- 
duction of  cocaine  to  produce  a  local  insensibility  in  minor 
surgery. 

Electrolysis,  again,  is  often  useful  in  many  small  matters 
of  surgery.  It  is  used  almost  exclusively  as  a  means  of 
deslrnying  tissue.  Small  tumours  of  various  kinds  can  be 
very  conveniently  treated  by  electrolysis.  The  process  is 
carried  out  by  the  introduction  of  metallic  needles  into  the 
tumour^  the  pioclucts  of  electrolysis  being  thus  liberated  in 
contact  with  the  tissue  to  be  destroyed*  The  chief  con- 
venience is  the  ease  with  which  one  can  regulate  the 
strength  of  current,  and  the  amount  of  caustic  chemical 
liberated ^  in  exact  proportion  to  the  work  required  to  be 
done.  So  fine  and  so  delicate  an  application  can  be  made, 
that  the  root  of  a  single  hair  can  be  destroyed  without 
leaving  any  visible  scar,  and  the  removal  of  superfluous  hair 
in  this  way  is  a  matter  for  which  electrolysis  is  continually 
applied.  Electrolysis  with  copj>er  or  zinc  anodes  with  the 
object  of  procuring  the  liberation  of  salts  of  these  metals  in 
tlic  diseasetl  tissues  has  been  recommended  abroad,  but 
does  not  seem  to  have  received  much  attention  in  this 
countiy. 

One  of  the  most  encouraging  points  at  the  present  time 


in  medical  ckctricxfT  is  tbe  utq«t>ved  q«B£^  of  tile  scieattlhc 
work  vhkfa  is  betog  doot  m  it.  List  yexr^  the  Fb^KJi 
GcmefTtQient  hara%  dedared  the  sahftci  to  be  ol  puMk: 
utility,  a  sedioQ  cif  Mccfiol  Ekctndt>*  wis  iim^ginihxl  at 
the  Boolceiie  Congress  uf  liie  Fii^[k4i  Associalmi  for  the 
Ad\anc«:iaeiit  of  Sdcoce,  1  attefvied  Ihc  meeting  oi  the 
station  during  the  grater  part  of  the  Coiigreiss  and  w^s 
struck  by  ihc  number  and  high  sciernific  qualtly  of  the 
commumcations  which  were  mstdc  m  it*  It  vv;ls  one  of  the 
best  attended  ^rirtions  of  thtr  whole  Assocjaltoti.  Fr,iiitx\ 
indeed,  takes  a  long  lead  in  the^Jubject  of  ntedtcal  clcctrtcit\\ 
They  have  at  the  present  time  three  periodicals  dcvtileiJ 
entirely  lu  the  subject,  and  abundance  of  iiiattTi;U  seems 
continually  forthcoming  to  611  the  pages.  One  at  thcnu 
the  Anhhrs  tfEktirkite  Mctliaik,  is  quite  indispcnsiWc  to 
students  of  medical  electricity,  for  in  addition  to  it^i  uiiyiiuil 
matter,  it  provides  its  readers  with  abstracts  atid  a  bihlio* 
graphical  index  which  keep  otie  in  loucli  with  all  that  is 
being  done  in  medical  electricity  all  over  the  vvi>i  tcL 

The  progress  in  the  small  niatteis  ot  det;iil|  partictilarlv 
with  regard  to  apparatn^,  which  h^  taken  place  during  the 
last  ten  years,  is  considerable,  I  say  ten  years,  because  th.it 
represents  the  time  during  which  my  attention  has  been 
specially  directed  tow^ards  medical  electricity. 

It  will  be  interesting  to  consider  and  cmnpaie  the 
types  of  apparatus  ni  ctnnmon  use  to-day  with  Ihose  uned 
formerly. 

Eleclrodes* — The  current  is  applied  to  the  body  of  (he 
patient  by  means  of  electrodes*  These  may  be  at  the  most 
varied  forms,  particularly  with  electrodes  for  in  turn  ill  appli- 
cations. The  cylindrical  brass  handles  fitted  witli  sponges 
and  held,  one  in  each  hand,  are  obsolete  or  deserve  to  be^ 
and  for  most  external  applications  their  place  i^  now  taken 
by  a  plate  of  flexible  metal  eticltjscd  in  w;ish-leather  and  a 
disc  of  metal  also  covered  witli  wash-leather,  and  serewed 
jntu  a  wooden  handle.  The  former  is  called  the  inditfeient 
electrode,  and  serves  chiefly  to  conijilete  the  circuit  (hruu^h 
the  patient's  body ;  the  other  or  active  electrode  is  the  one 
which  IS  manipulated  and  applied  over  the  utiecled  region* 
For  testing,  die  active  electrode  is  fitted  with  a  clo»tui^  key. 
Examples  of  electrodes  and  other  forms  of  medical  c;\ccUvca\ 
appliances  are  sbou/;  upon  ilw  tible*     Bare  uicU\  uvu^V 
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exMSiple  lor  the  beaiiiic  ol  ^ 
ujlioii  oi  »Kdl  e 
ekfitly  cquqipc^  and  i$  «o 
prefi^ire  caustic  ^sohfttkios..  L^v?^  faidiroinate  batteries  still 
!$umve  in  naiiote  dislrict>  for  the  occassonal  production  of 
liir^  cumenl^  bitl  Ihej'  are  every  year  becoming  less 
iiuiueruttS  AS  seccimbn'  celb  and  the  means  of  charging 
them  from  dyitamas  become  more  geneml  o\*er  Die 
CDuntry.  All  this  ssnipltficatioii  tends  voy  greatly  towards 
the  increased  populaniy  of  medical  applications  of  dectiicity^ 
beoiuse  perhaps  one  chief  cause  of  its  neglect  has  been, 
hitherto,  tfic  trouble  of  tlie  matiagemeat  of  the  apparatus. 

The  batteries  needed  for  medical  work  divide  them- 
b^elveii  into  two  distinct  classes^  batteries  for  applying 
currents  to  patients  tor  testing  and  ireatmenti  and  batteries 
for  galvano^cautery  and  lamp  apparatus.  The  former  is 
essentially  a  physician  s  battery^  the  latter  is  more  for  the 
sur^^eon.  Most  of  the  surgeon's  requirements  are  met  by 
;i  pur  table  accutnulatu^^||iQur  cells^  for  the  little  surgical 
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lamps  are  for  Ihe  aKHt  {nit  di^^vdk hm^s^ tifciog; at«oat 

3n  ampcfc  ^  thci^^p  wstomw  ftcy  aiv'  cnciimh  VKi9t  iimwjf^ 
For  gri^MMMJUlBy  thg  c^icuts  siv^p  irain  fcw  to  ten 
amperes^  hoi  the  cailenr  caroril  lu$  a  lov  tiesistmce  and  a 
pre^ure  oC  eigpit  ^oits  k  nnrfa  aMce  Abmi  k  !. 

Sometimes  Hie  foor-ccH  acrimmbior  k  atfu^ed  -  a 

switch  uriU  recombme  it  as  two  sets  of  tiro  in  paralld  for 
cauten*  wodc^  or  dsc  ii  is  left  as  a  iour-ceO  battery  in  scries^ 
the  \  oUs  heif^  cipcoded  in  a  reaslance;  For  tnedica]  vorfc 
a  battery  is  fitted  with  twenty-fire  to  forty  small  dry  celk 
connected  in  series  and  haTing  wires  led  iirfT  from  ihem  to 
a  circle  of  stucfe  from  which  a  racking  pointer  takes  yp  into 
eircuit  as  many  cells  as  are  required.  It  is  usually  6tttxl 
ttilh  a  milliampere  meter  permaiiently  in  circuit  and  a 
comniutator  for  reversing  the  poles,  also  with  an  induction 
coil  driven  by  a  separate  dry  cell.  The  average  working 
resistance  of  the  human  body  and  skin  t^  about  i^ooo  ohms 
%vhen  properlj'  moistened  with  hot  \%'ater-  Salt  or  soda  may 
be  added  to  the  water  to  reduce  the  skin  resistance,  but  plain 
water  is  best,  as  it  corrodes  the  electrodes  less. 

Next  in  importance  to  the  batter\'  of  primary  cells  comes 
the  induction  coiL  Indeed,  if  generality  of  use  be  con* 
sidered,  the  induction  coi!  should  come  first,  ai^  it  is  the 
fonn  of  electrical  application  which  has  the  widest  employ* 
ment.  The  medical  induction  coil  has  developed  in  certain 
special  directions,  the  chief  requirement  with  such  an 
apparatus  being  a  means  of  careful  regulation  of  its  strength. 
Of  the  various  ways  of  obtaining  this  regu latin n^  the  one 
best  suited  to  our  purpose  is  the  plan  of  using  a  sliding 
secondary  coil,  which  can  be  brought  close  to  the  primary 
or  can  be  removed  further  from  it,  as  desired.  Much  has 
been  done  of  htte  years  to  improve  the  induction  coil,  and 
more  has  been  written  about  the  various  effects  to  be  ^f(»t 
from  coils  of  different  sorts  and  construction*  Attention 
has  been  ^iven  to  the  improvement  of  the  vibrating  sprinj^; 
or  contact-breaker,  and  the  best  American  coils  arc  now 
lilted  with  two  vibrators^  one  of  slow  speed  and  oi^e  of  high 
speed.  In  the  United  States,  where  the  construction  of 
electro-medical  apparatus  lias  been  much  elaborated,  it  is 
quite  customary  to  supply  coils  with  several  interchangeable 
^secondaries.  The  same  is  done  to  a  less  degree  b^(  uvAk^irs 
elsewhere.    The  various  effects  which  havtr  Insian  iw;x\\wi^ 
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to  dtffcfient  wtndtn^  of  secondary  arr  best  con^dered  as 
bemg  dcteto  thcrerfffcsAditktcaces  in  their  sdf-jnditclion, 
according  a^  thrv  an:  made  wtdi  windings  of  great  leni^h 
and  inanf  turttv  or  of  short  length  and  fifir  turns.  Tlie 
sloift'er  rise  and  fall  af  vmve  which  is  found  with  the  high 
seif-induction  of  the  loog  cot)  of  many  windings  has  the 
effect  of  making  the  shock  less  sodden  and  le^  painful  in 
its  effects.  So  too  in  \en'  long  fine  secondanes  a  large 
part  of  the  %o!ts  are  dropped  inside  the  coil,  and  the  E-M,F- 
at  the  termtnals,  though  htgh  on  open  ciraitt,  may  f»ll 
almost  to  nothing  when  closed  through  a  companitively 
low  resistance.  On  this  account  ver>^  long  coik  with  very 
high  speed  contact-breakefs  ha%-e  lieen  much  WTitten  about 
as  affording  painless  currefits  for  internal  applications,  hut 
in  my  opinion  the  painlessness  is  due  lo  the  fact  that  ven," 
little  current  comes  out  of  them.  For  practical  purposes,  I 
have  usually  found  it  suffident  to  use  one  secondant^  coil, 
which  is  tapped  at  one-third  of  its  length,  and  so  can  give 
long  coil  and  short  coil  effects  from  the  one  instrument. 
Medical  induction  coils  are  not  fitted  with  condensers. 
When  simple  stimulation  i=v  required  in  the  treatment  of  a 
case,  the  induction  coil  is  probably  the  mo^t  convenient  and 
cheap  method  of  procuring  it.  The  batter>"  current  has  a 
superiority  in  certain  things,  for  example  it  gi\*es  a  wider 
range  in  degree  and  quality  of  stimulation  ;  and  certain 
living  tissues  respond  better  to  battery  currents  slowly 
increased  and  decreased  than  they  do  to  the  sudden  jerks 
of  the  coil.  The  intense  effect  of  the  coil  on  the  sensonr' 
nerves  of  the  skin  makes  it  difficult  to  use  coil  CLirrents  of 
sufficient  strength  to  penetrate  to  the  deeper  parts  of  the 
bodVp  and  for  deep  parts  currents  of  large  magnitude  are 
necessary  to  make  up  for  the  weakening  effect  of  diffusion. 

The  strengtli  of  current  used  in  treatiuent  ranges 
between  four  and  forty  milliamperes  for  the  most  part, 
though  smaller  and  larger  currents  are  sometimes  used. 
The  larger  the  currenls,  the  larger  should  be  the  surfaces 
of  the  electrodes- 

The  measurement  of  itiduction-coil  cuiTents  presents 
difficulties  which  have  not  hitherto  been  surmounted,  and 
the  rough  compel risons  which  are  made  by  means  of  a  scale 
of  millimetres  al  the  side  of  the  sliding  secondary  cannot  be 
hvinslated  into  units  and  cannut  be  trusted  to  be  alike  for 
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cases  3a  leagt,  prodh>c<s  ^iKJl  pftirtW 
Hienv^    It  is^ 


stndjT- 


being alitoiiHiinBy cfaggBd  3iiid  4tsfdkmge<i  lADKily.  tiHRhl 
meet  tbe  JiftuMily  of  prndocH^  ^  cnrr\eni  «iitch  wi>iiM 
nesenible  that  of  ihe  ood  aa  its  {difsiok^ekal  actic^iv  ^nd 
would  allow  oi  ma^mtmoA.  I  wcmM  Kfcr  to  xsk  tin* 
advice  of  members  of  the  Institntioii  iwi  this  fHniu  :  WmiW 
not  the  cofve  ot  dtscfaarige  of  a  coiidcn^icT  Uxyv  a  close 
resembUnoe  to  the  AsAm^  citrrc  ol  jiii  iiKltKiH'bi>'<H>il  J 
Coald  not  one  arrange  a  condenser  of  small  c;i|vicity  such  ;ts 
a  Leyden  jar  of  diniinative  stxe,  aiMl  cntploy  some  \vry  ti*ic 
adittstment  of  spark  gap  for  nieasureiiicitt  and  rvgiilation  f 
I  ha\*e  thought  that  in  thiH  way,  imii^  high  \x>lrugc^  iititl 
small  capacities,  the  di^urhing  factor  of  v-nryinu  skin  r\> 
distance  would  become  comparatively  unimportant. 

Cnrraii  /mm  the  Maim^ — After  iu  int  rod  net  ion  into 
commerce  the  current  of  the  electric  lighting  mains  was 
quickly  introduced  into  niedica!  pr.icnce,  and  wo  make 
large  use  of  it  in  the  Electrical  Department  of  St.  Rirtholu* 
mew's,  which  is  connected  with  tlve  niams  of  the  Citv  nt 
London  Electric  Lighting  Company.  The  eiirrenl  inipuhcH 
from  the  alternating  mains  have  a  physiological  action  re- 
sembling those  of  the  induction  coil ;  that  is  to  say,  (lie  clTcct 
upon  nerve  and  muscle  is  to  produce  a  permanent  ctintrac- 
tion  so  long  as  the  current  is  applied.  But  it  is  superior  lo 
the  induction  coil  iu  being  a  less  violent  stinuilus  to  nerve 
and  muscle  by  reason  of  the  more  even  and  gradual  rine  ,i\\tU 
fall  of  its  waves.  Larger  currents  cai^  be  bqrnt'  than  frmli. 
the  induction  coil,  and,  judging  from  i^^  ciTectH  in  a  Iniiy 
series  of  cases,  it  appears  to  be  more  lhor(Uigh  and  luoie  UNffnl 
in  its  effects*  Nearly  all  the  cases  formerly  treated  hy  Hh' 
indnct ion-coil  at  the  hospital  are  now  treatetl  l)y  ll\e  cwwa  \\\ 
t£Qm  the  tu^ms,  the  volt^;^^   being  lowered  U\,^U\  \\\ 
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m  mm  tree  from  the  notir  of  €^^  <v  in  iaJBcfijm-caas  all 
mtms^t^MM^hmaaogMoom^  Ponaohr  &e  efcd  of  that 
naime  dming  a  loi^  Jtataotm  w»  wmA  traag.  Tbere  is 
one  martcd  dScramt  tn  ibc  cffcd  of  die  ilaemol]^  current 
arhkii  liimtf  its  M^asidtliaitiftllat  if  a|^^ 
snanoer  fhroM^  moii^racd  dcc<rodc&  la  ttie  sanface  of  the 
dtjfi,  at  has  a  pfcaliar,  dkigreohkv  boniii^  cficct.  The 
tocirc  tbora^^hr  the  ^n  't%  mot$iened«  the  le^  this  is 
notioed,  and  viien  the  current  i^  coniinred  to  the  patient 
thnni^  the  roedima  of  water,  as  in  a  hath,  this  disagreeable 
ctttaneociit  effect  dt^ppears  entirely.  Cooseqncntly  a  mode 
of  treahsiertt  by  nicaiis  of  baths  and  the  sinusoidal  current 
has  been  derdoped  to  a  very  considerable  extent,  and  unth 
[  ckdded  ad^-anlage  to  our  patients^  Laqge  nombcTN  of  our 
cases  are  case?^  of  pandysis  of  *  the  upper  lirabs  from  injury 
or  dbease  of  the  neni«  of  the  opper  extremities  and  for 
these  wc  u^  an  arm-bath.  The  arm-balh  is  a  stone^^'nre 
trough,  of  suitihle  shape,  having  a  metal  electrode  al  each 
end,  it  h  filled  with  w^rtn  water,  into  which  the  patient 
plungen  the  forearm  and  hand.  The  use  of  hot  venter  ^s 
a  niediuni  for  conveying  electricity  to  a  patient  has  many 
ad\^ntages.  The  current  is  much  better  borne,  and  there- 
fore a  stronger  current  can  be  used.  Manipulation  of  the 
dectrodc**  and  personal  handling  of  the  patient  i^  done 
away  wlh,  and  the  affected  part  is  kept  warm  during  the 
application.  For  these  reasons  we  u>e  it  largely,  and  I 
continu*^  to  advocate  its  use  as  one  which  again  15*  likely  to 
incrcaiic  the  popularity  of  electricity  among  the  medical 
profeHHion,  because  it  tends  to  simplify  iti^  mode  of  applica- 
tion. In  addition  to  small  local  hath^  tor  parts  of  the  body^ 
we  have  a  large  bath,  in  which  the  whole  of  the  body  Ls 
immen^ed  ;  and  for  general  morbid  conditions,  as  dis- 
tingiiijshed  from  local  on^,  the  electric  bath  with  the 
induction-coil  current,  or,  better  still,  with  the  sinu^ioidal 
current  of  the  mains,  is  an  extremely  useful  contrivance. 
In  that  section  of  medical  electricity  which  comprehends 
general  applications  for  general  systemic  diseases^ — a  field  of 
work  which  is  only  now  being  thoroughly  explored— the 
electric  bath  is  perhaps  superior  to  any  other  mode  of 
applying  general  electrificatinn.    The  other  modes  of  doing 
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forms  of  parsifss,.    So  cfectrical  liepfltttmefil  can  be  ccia- 

sjdered  properfr  equipped  witboat  die  dectric  hath*  for  in 

many  morbid  stat^  its  malioa  b  tno^  ^iiahlc.    The  hath 

with    direct   cufrent   has  also  certain   useful  applications^ 

although  not  so  many  35  the  induction-coil  or  the  sinu* 

soiclal  coirent  bath.      The  direct   curnent   bath,   local  %w 

general*  is  useful  in  the  relief  of  gottt*  rbeiiiimtisini  sprains^ 

chronic  inflammations  ^^^  generally  as  an  absorbent  for 

the  remo\*aI  of  fibrous  adhesions  or  thickenii^gs  in  or  abt»iit 

the  jointii  and  limbs,     it  is  also  indioited  in  painful  states 

when  a  varvnng  current  is  too  stimulating;  to  be  well  Imihic, 

as  for  example,  in  acute  sciaticii,  neuriti-^i  uilh  pain,  anil 

so  on. 

The  alternating  current  of  the  mains  also  k'ncis  it^eK 
extremely  nicely  to  such  uses  as  for  galvviiio-caiUcries  tuul 
for  the  small  exploring  lamps  used  by  sur|tennH,  and  where 
alternating  current  is  laid  on  they  now  ft^r  the  most  pari 
have  small  transformers  for  use  in  this  way,     U\^Uuv\\ua\\^ 
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rV  fior  the  cfelrilm* 
of  a  tiaiisfonncr, 
and  led  to  a 
anjr  loltagc,  between 
be  fedbni  at  vOL  The  three 
is  ffwen  are  wnd  in  three 
Cor  iJu4iKp  l^^hfiij^  and  tbe  lohage  reqinred 
can  be  twilcbed  on  to  any  of  the  three  room^  fracn  the 
Iraaifcmier.  Thos  we  have  ji  comiiiaiid  low  ^-oltage 
ctirrefilm  for  ^ihramxaiileras  and  ^^mafl  lamps,  and  hi^er 
voltage  cnrfents  kw  appGcations  to  patients.  We  nse 
thr^e  or  faor  voHs  for  ^itlmes^  ^^^  oi^  len  far  tanipN 
ten  to  twenty  for  the  baths.  Several  of  ottr  old  sledge- 
pattern  induction  coits  with  sliding  secondaries^  are  now 
converted  for  use  tt^  sobddiary  regulating  devices  for 
the  baths,  1  cannot  faj  mtich  af  the  use  of  direct-cturent 
mains,  it)  medioil  practice  from  pergonal  e.\perience. 
Although  I  have  been  instrutnental  tn  connecting  three 
places  to  the  lighting  mains  I  h^ve  never  been  in  touch 
with  direct-current  circuits*  The  une  of  the  direct  ctirrent 
from  tlie  mains  for  appli<mtions  to  paittents  ^nd  for  other 
applications  requiring  low  voitageSy  is  carried  out  either 
indirectly  by  means  of  charging  accumulators  from  the 
nuins  and  uiiing  them^  when  disconnected,  for  the  patients^ 
or  else  by  meun^  of  shunt  resistances.  The  latter  method  is 
to  provide  a  resistance  of  several  thousand  ohms^  which  is 
coniiectecl  across  the  mains.  The  resistance  is  a  bare  wire 
coiled  on  a  support,  and  is  fitted  with  a  travelling  contact- 
shoe  which  can  be  moved  so  as  to  tap  the  windings  at  any 
point.  The  patient  is  arranged  in  a  shunt  circuit  in  parallel 
with  any  convenient  length  of  the  resistance.  When  only 
small  currents  are  required,  a  lamp  is  arranged  permanently 
in  series  with  the  wire  resistance.  The  slope  of  potential 
which  can  he  tapped  at  different  points  by  the  movements 
of  the  slider  permit  fine  regulation  of  current  in  the  shunt  or 
patient's  cucuit.  With  shunt  resistances  of  suitable  magni- 
tude current  can  be  obUiined  for  treatment^  for  working 
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a  slep-'doiwii  tudactton  coil  m^lit  b^  devised  for  bcxiitig 
caotcnes  oS  Ae  Amf-aBrr^tf  mms.  Oae  o<  tbe  drtw* 
hcK^s  of  dectnc  l^^it  supplr  is  tint  tfaos^  who  havic 
contxQiiDiis  cmrent  bid  oq  camiot  al«o  bive  Altenvitu^, 
And  so  a  mcdicil  mai  rcsii&s%  in  a  dismct  supplied  hy 
diufct  current  wffl  -haiw  to  gemn$t  any  ssnumcbl  cunviu 
needed  by  means  erf  a  laOICB'  dynamo^  Tlicse  instmniaTl^ 
can  he  hoi^ht  and  are  tn  u^ae.  On  the  other  hand^  a  medical) 
man  supplied  urith  altemattng  cinrenl  vn\l  *>ltcn  sigh  and 
"  widt  thai  he  coukl  easily  generate  for  him^elt  a  little 
cnntintioiis  current*  And  here  is  a  point  which  jXThaps 
might  he  wortli  the  attention  of  this  Societ\\  vu.,  ilie 
contrirAnce  of  some  simple  rotary  con\-erter  which  could 
be  atUched  to  a  lamp  socket  in  a  house  siipplietl  with 
alter naiing  current^  and  which  would  jjivc  out  Cxiutimitnis 
current,  ^suflftcient  to  recharge  a  portable  accnmiilatoi^  from 
time  to  time.  Not  much  would  Ix'  wantett,  and  ivrhaps  it 
IS  ju!it  on  that  account  that  the  instrumenl  I  have  uulicaleil 
is  not  easy  to  get ;  presumably  it  would  not  p;iy  to  make  it. 
Still,  a  little  rotary  transformer,  which  would  give  out,  say^ 
aJi  ampere  at  ten  volts  of  continuous  current,  would  he 
wdcomed  by  many  medical  men  who  live  in  districts  of 
alternating  supply.  The  mechanical  cfficieiicv  of  the 
machine  is  in  no  way  important,  consider  my  the  small* 
ness  of  the  needs.  That  which  would  be  important  with 
such  an  instrument  is  that  it  could  Iw  left  tf)  run  for  periods 
of  an  hour  or  two  at  a  time  without  needing  its  owiKn*  to 
stand  over  it  and  watch  it»  and  that  it  would  not  hccomt* 
over-heated  nor  make  a  |^  re  at  noise. 

The  Sfatiaif  Muihint^ — This  form  of  apparatus— the  tVrst 
introduced  into  medical  practice — is  showin^j  vcrj*  decided 
signs  of  a  revival*  In  the  United  States  the  statical  ntachine 
is  already  very  largely  employed,  and  1  am  told  ihat  in  New 
York  alone  there  are  no  less  than  three  firms  busily  cu^'a^jed 
in  turning  out  statical  machines  at  tlie  rate?  of  two  ov  Wuve 
a  wmk.    Those  who  tire  only  actjiiainted  vviUv  iUc  ttVVc%i\ 
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produced  by  small  statical  machines  can  have  no  idea  of 
the  difference  between  small  and  large  instruments  of  this 
kind.    The  effects  produced  by  a  large  statical  machine  are 
most  decided,  and  it  is  only  necessary  for  one  to  experience 
them  once  to  see  that  treatment  by  them  is  by  no  means 
a   mere  treatment   through   the   imagination.      The    most 
apparent  effects  of  the  statical  machine  are  the  profound 
and  peculiar  cutaneous  sensory  stimulation  which  can  be 
produced   by   it,   and   the   forcible   muscular    contractions 
which  can  also  be  produced  by  it  when  the  administration 
is  in   the  form  of  sparks.     Its  special  field  of  usefulness 
probably   lies,   first,   in    its   action   as  a .  general   excitant ; 
secondly,  in  conditions  of  neuralgia  and  other  superficial 
pains  ;  thirdly,  in  the  conditions  of  muscular  pain.     In  all 
these   cases   it   acts  quickly  and  thoroughly.      It  is  quite 
common  to  receive  a  patient  stiff  and  lame  from  lumbago 
or  muscular  rheumatism,  and  to  see  him  leave  in  ten  or 
fifteen  minutes  quite  free,  for  a  time  at  least,  from  his  lame- 
ness or  his  stiffness.      All  this   promises  to  be  extremely 
valuable.      The  difficulty  of  understanding  how  a  simple 
electrification    by  the    static    machine    can    influence    the 
body  makes  many  of  us  disinclined  to  believe  that  there 
can   be  any    effect ;    but    after    watching  cases    carefully 
for  some  time,   I    can  now   say  with  certainty  that   some 
direct  action  does  take  place.     1  have  only  had  a  proper 
static  machine  for  a  year  and   a    half,  and   therefore  still 
feel  rather  a  beginner  with    it.     A  very  interesting  matter 
is  that,    whereas   on    the   other   side    of  the  Atlantic  the 
influence-machine  which  is  used  is  invariably  a  modified 
Holtz's,  on  this  side  it  is  the  Wimshurst  which  is  considered 
the  best.     The  American  Holtz  machine  certainly  has  been 
developed  into  a  most  beautiful  instrument ;  and,  although 
it  has  one  drawback  when  compared  with  the  Wimshurst — 
that  of  not  being  self-exciting — that  is  a  point  so  easily  got 
over  by  means  of  a  small  accessory  exciting  machine  in  the 
corner  of  the  case  as  to  have  no  real  importance.     Size  for 
size,  I  am  disposed  to  believe  that  the  Holtz  gives  a  better 
output   than   the   Wimshurst.      It   appears   to   be  a   more 
cheaply  constructed  machine,  and  needs  no  counter  shaft 
nor  cross-belts.    J^ecently  a  large  American  Holtz  machine 
has  been  present^  to  St.  Bartholomew's  Hospital ;  so  we 
shall  have  an  opportunity  of  testing  and  of  comparing  its 
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wurk  with  that  ot  a  large  Wim^urst  machine  ^riiich  I  hat^ 
recently  had  coostructed  for  mv  own  use.  As  a  good  Holtz 
tnachisie  i^  so  far  as  I  know,  a  curiosity  in  this  country,  I 
shall  have  much  pleasure  tn  shoi9^'ing  our  machine  to  any 
members  of  the  Institution  who  might  irish  to  see  it.  The 
accessory  apparatus  and  the  technique  of  the  statical  machine 
have  been  very  greatly  simplihed  by  the  work  of  American 
physicians. 

The  appMcation  of  hi^  frequency'  currents  to  medical 
practice  has  not  had  much  csrtension.  In  France  it  is 
used  a  little*  The  currents  are  taken  from  leads  con- 
nected to  the  ends  of  the  primary*  helix,  and  no  secondary 
coil  is  used.  An  induction  coil  is  generally  used  to  charge 
the  Leyden-jar  condensers  ot  the  sj-slem.  The  applications 
are  either  by  a  sort  of  spark  or  brush  discharge  from  one 
terminal  to  the  patient ;  or  the  patient  lying  on  a  couch  is 
attached  to  one  pole,  the  other  being  connected  to  a  sheet 
of  metal  under  the  couch >  This  is  called  the  condenser 
bed»  Finally  the  patient  may  be  enclosed  in  the  actual 
helix  connecting  the  Jars^  and  his  body  thus  made  the  seal 
t  induced  currents  by  '*  uuto-conduction/'  Its  chief  appli- 
cations have  been  as  a  mode  of  general  electriticatiou,  but  the 
brush  discharge  is  also  applied  locally  to  the  skin,  and  has 
seemed  efficacious  in  curing  certain  skin  diseases* 

0^4?iu^— The  use  of  electricity  for  generating  o^oiie  fur 
medical  purposes  is  attracting  some  interest.  It  is  not  so 
much  that  these  applications  of  ozone  are  entirely  new,  as 
thai  the  apparatus  is  now  becoming  sufficiently  improved 
to  make  its  applications  easier.  But  the  rapid  develop- 
ment of  eleclricity  in  so  many  directions  of  late  years  hasi 
given  medical  men  just  at  present  so  many  fresh  things  to 
handle,  that  ozone  in  its  medical  applications  is,  as  it  werCj 
waiting  until  some  one  has  time  to  attend  to  it*  The 
workers  in  medical  electricity,  in  this  country  at  least,  are 
>o  few. 


Perhaps  the  most  striking  of  all  the  applications  ul 
electricity  to  medical  work  in  recent  times  has  been  due 
to  the  discoveries  of  Professor  Rontgen.  The  introduction 
of  the  X  rays  has  revived  very  greatly  tlie  interest  in  medical 
electricity. 

The  Runtgeii-ray  wurk  inakes  a  very  cgiisidevabVc  jA* 
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to  Am  «orlE  dooe  m  our  eiectncil  ckfortmoit  at 
St  BartbolofDevV  Hospitsd^  a$  tl  b  in  almo^  c^ly  u^  for 
puqwjac»  id  dogno^  in  surgical  case^  Pbysicisuts  hitherto 
Junne  paid  bot  fittleatlenteio  to  Rontgen  ny^  bm  its  appli- 
catkm  to  the  dia^now  of  diseases  ol  the  che^t  must  be 
nteiuiotscd  iis  perhaps  one  of  the  most  promising  things  for 
thefnttire*    Cert  ts  pai&^i^  '  pultnonar)* 

consmnplson  an  other   i  chest  more 

safisfactoriH>  and  at  an  earlier  stale  of  the  disease^  by  the 
X  rays  than  is  poi^tbfe  with  the  stethoscope  ;  and  this  one 
point  alone  appears  to  mc  to  be  of  the  highest  importance. 
For  example,  rcccntiy  i  saw  the  X^ray  photograph  of  a 
patient's  chest.  She  was  stt^ipected  o(  having  pulmonary 
disease^  and  was  sent  to  one  of  my  colleague:^  for  an 
X*ray  photognLph  ;  examination  by  the  ordinary*  methods 
of  auscultation  and  percussion  had  given  an  uncertain 
reply,  Bui  the  negative  raken  wth  X  rays  showed  with- 
out any  possible  doubt  the  prc^ncc  of  tubercles  in  the 
lung.  If  there  %vere  more  time  to  spare  I  could  go  into 
the  question  of  X-ray  work  more  deeply  on  the  grounds 
of  its  gri^t  dev*elopment  by  mediail  practitioners,  the 
localisation  and  stereoscopic  methods  of  Dn  Mackenzie 
Davidson  and  others  bemg  singularly  beautiful  in  their 
results ;  but  I  ha%e  the  idea  that  most  of  us  are  a  little 
sated  with  X-ray  work  just  now,  so  I  shall  say  no  more 
except  to  refer  to  the  extreme  beauty  of  the  fluorescent 
screen  effects  which  are  given  by  large  static  machines. 

The  Preside^'t:  The  exceedingly  interesting  pap«'  of  Dr,  Lewis 
Jones  is  now  open  for  discussion,  and  1  hope  the  discussion  will  not 
be  so  greatly  proloaged  thai  we  shall  not  be  able  to  have  the 
opportunity  which  he  has  promi*>ed  us  of  examining  the  apparatus  he 
lias  brought.  We  do  not  often,  in  this  room  at  any  rate,  see  electrical 
apparatus  of  this  class,  and  the  chance  that  wc  have  is  the  more  valuable 
because  we  have  Dr,  Lewis  Jones  here  to  exhibit  it.  There  are  many 
points  upon  w*hich  I  should  like  to  ask  questions  of  Dr.  Lewis  Jones.  I 
will  merely  mention  two.  He  used  the  word  *'  electrification  '*  in  a 
manner  somewhat  different  from  that  in  which  we  electricians  are  in 
the  habit  of  using  it*  We  do  not  understand  that,  when  a  current  goes 
through  an  object,  that  object  is  necessarily  eleclrilied.  It  is  cottducting 
electricity,  but  is  not  necessarily  charged.  By  ''  electrification  "  we 
understand  tlie  object  to  be  actually  charged.  Is  there  any  use,  then* 
in  merely  charging  ;i  persou^putting  him  on  a  stool  and  electrifying 
him*«without  his  having  any  current  flowing  into  or  out  of  him,  or 
ULikiug  ttiachargeii  at  him  from  outside  ?    Is  it  the  slightest  use  to 
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,  loaa  vatboDt  0vivg  Mm  a  ciuaoe  at  aar  flLachvgc,  ta 
c  :m  and  tlie  tlim^  anMnd  tdfll  io  eiactlr  thf- ?>3iin^  *^ 

If  jQtt  put  ^  tiLui  made  a  Faiadsr  cube  asd  rl  c^  Oibc:,  is  tlic 

pcnioo  in!>kle    in    the   4l|gtitesl   dcgnee  aff^:  siologicallT  or 

patfaologicaiJT  ? 

Mr.  J.  Wiii^itcr^T :  Wc  aM  mist  tic  nm^  todebtcd  ta  Dr.  Le«i^  «^ 
}oii^  for  gi^^ing  OS  liss  tsge  aqieiiieitccs  is  tin*  tfaerapcolic  use  oi 
electricity.       A*    he    refers*    to   the  inflycaoc  tii^hitic  as  sl  sjooncc 
^ppK  ing  part  of  the  dcctndtT  whtcK  be  uses,  1  i»iiU  Uixul  my  rcctiarb* 
to  that  form  o(  io^nuncDt  and  its  pr^offtcs^ 

About  twenlj-tvro  years  mgo  mf  attefition  vas  caliad  to  a  Hoiti 
machtne  obtatned  frotn  Sir.  SportL^woode ;  it  had  $  rotatistg  plaies 
:iiid  S  fixed  platen ;  it  needed  a  drying  oompotuKt  itistde  Its  ca^,  aod 
an  initial  charge,  eren  then  tt^  paper  indiii^tors  vronld  not  retain  a  like 
charge,  these  and  other  difEcn^i^  ^ire  much  trouble,  nevertheless 
it  w-as  a  healthy  offi^pring  from  the  Xichol^n  Re\t>lving  Douhkr»  and 
deserved  further  attention. 

To  remove  some  ot  these  objections  1  made  up  a  machine  having 
13  rotatiiij^  plates  of  31  m€bc>  diameter,  the  dangerously  cut  fixed 
platens  I  substituted  hy  rectangular  slips  of  glass»  and  I  connectett 
together  all  the  paper  inductors  on  the  one  side  of  the  machine  by 
mean^  of  wire  ;  thb  remo\  ed  tnany  of  the  objections,  and  it  became 
more  niiefnl.  About  three  year>  later  Me*^r>,  Paterson  and  Cooper 
made  up  some  smaller  machines.  The^'  machines  were  uoticed  in 
*  Engineering"  of  the  6tU  of  October,  18^2, 

In  1S93  I  made  another  machine  of  this  type :  it  had  two  rotaliu^ 
plates  of  42  inches  diameter.  I  placed  the  lixed  slips  vertically^  ftxcd 
metal  sectors  to  the  rotiiting  gUiSses,  then  I  added  the  brush  conlacls, 
the  colltrctinj^  combs,  and  the  neutralising  rods — the  whole  of  the  gla-s> 
was  efficitrntiy  coated  \uth  shellac  varnish.  This  machine  %\*us  self- 
exciting,  its  How  of  cnrrcjit  did  not  c!ian^L%  it  ut-edcd  no  drying 
compound*     It  was  noticed  in  "  Engineering  "  ot  5th  of  May.  lik}^. 

I  venture  to  recall  the  particulars  of  these  machines  because  Dr*  l^evvis 
Jones  has  kindly  invited  the  menibcr>  of  tliis  Society  to  visit  and 
inspect  the  large  and  expensively  ti  wished  machine  winch  his  A  uteri  can 
fnends  have  so  liberally  presented  to  St.  B:urtholomcw's  Hospital,  and  it 
>^efns  t*j  mc  that  refreshing  one's  niemoiy  of  the  past  is  useful  w4icii 
judging  ot  the  present  and  the  future^ 

It  would  be  ungrateful^  howe%'er^  now  to  tnake  any  alterations  in  the 
beautifully  tinished  present,  but  as  time  runs  on  I  fear  the  drying 
compDund  and  the  exciter  will  be  found  troublesome.  If  so^  I  wotild 
suggest  to  Dr.  Jones  that  he  should  have  all  the  glass  surfaces  eflficicntty 
coated  with  shellac,  that  lie  should  add  about  12  sectors  to  each  rot:ittng 
ptate.  and  suitable  ^uiall  brushes  to  the  coUectiug  combs,  and  that  he 
could  advantageoii-^ly  add  additional  slips  of  glass ;  he  then  will  have 
all  the  good  features  introduced  by  me  in  the  iN<>3  machine,  a»id  will 
6t]d  it  to  be  self-cxcitingj  to  need  no  drying  compound,  and  to  work 
freely  and  w  ell  in  any  atmosphere, 

Dr,  Lewis  Jones  also  mentions  another  machine  w^hich  he  has^  in 
which  all  the  glasses  rotate  oppositely,  but  ho  obieclt*  lo  the  dtvwwj^ 
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wheebkt  and  Ihe  binds ;  Iwt  in  a  properly  4esi^tcdmadxam  ihcm  sliottld 
•carccly  show,  Aii4  a*^  ta  dombttsty,  tiioae  in  the  first  ivaciiinc  w^Kh.  t 
ODnstmctcd  t wc :  re:  yt^r^  ago  arr  in  ^ibotH  m  good  conditioii  ^ 

wlicn  new  j  Iht  >  is  no  doabt  owing  to  my  lEeeping  ih«fm  wtll 

otkd.  You  will  (H.r]iap^  remcfmber  Ibc  tnachinir.  fen-  it  wias  used  sit  tl 
meeting  *A  ihf^  Iji^titution  by  Ur.  Lodge  in  ht^  Lightning  Rod 
K3q)erinient^i  SLiid  by  th«  late  Prole^c»or  Hnj^hc^  in  bb  paper  tipon  Oil  ^ 
an  In*»tilator, 

I  nuy  further  add  that  thb  form  of  fBadtlar  lias  bad  no  drying 
cutnpotind,  and  for  twclvi;  years  lia^  had  no  repair ;  it  has  been  much 
taed,  yet  on  all  occasions  it  has.  freely  excited,  and  has  Ixhavcd  in  ;ill 
respects  perfectly. 

General  Wp^bbEN  :  So  little  time  ii»  leit  for  tile  remarks  which  tlic 
bcariDg  of  thb  paper  has  prompted,  that  I  ^hall  contine  mysselt  as  much 
^  possible  to  one  or  two  question^,  which  1  wish  to  frame  a:^  in  tell i* 
gibly  as  I  can  to  the  cars  of  my  audience,  t  ^ould  like  to  ^3-  that  tlij.^ 
meeting  1  regiird  a^  quite  a  memorable  one  in  the  annab  of  our  Institu- 
lion.  Although  wc  have  once — many  years  a^o — had  a  paper  read  to 
Us  of  a  somewhat  siniilar  character,  I  do  not  think  that  within  the 
wallb  of  tlii:  Ins^tituiion  01  Ci\il  Eugineer;*  has  a  paper  ever  been 
read  in  which  it  may  be  $^d  that  the  engineer  and  the  phyaiologifit 
have  met. 

I>r.  Lewii.  Jones  has  happily  helped  my  ;ma!og>'  by  comparing  Uie 
work,  as  a  *'  repairer/'  oi  the  medical  practitioner  and  the  etigiaeer,  and 
tilso  b}'  referring  to  common  ground  as  covered  by  the  similar  use  of 
apparatus  and  a  similarity  in  methods. 

En  respect  to  the  relief  of  pain  by  electricity  in  one  way»  and  to  the 
causation  of  pain  when  it  is  employed  to  destroy  tissue  in  another  way, 
its  use  is  analogous  to  that  of  the  application  of  heat  (say)  above  ijo^  h\ 
which  at  one  temperature  soothes,  at  another  stimulate^i  at  another 
injures. 

This  aspect  of  the  question,  together  with  that  connected  with  the 
use  of  currents  cither  continuous  or  alternating,  requires  consideration 
which  is  not  permissibJe  in  the  time  at  my  disposal. 

One  question  Uiat  has  been  raised  in  tny  mind  by  the  speaker  refers 
to  the  use  of  the  word  **  stimulus."  Does  the  physiologist  or  tlie 
medical  practitioner  and  user  of  etcctricity  mean  that  electricitj'  is 
only  a  stimulus  to  the  orgatiic  structure^  or  is  it  an  am^iliary  to  some* 
thing  which  already  exists  within  it  I  In  his  most  interesting  descrip- 
tion of  the  clectnc communication  or  electric  testing  by  means  of  the 
nerves,  every  telegraph  engineer  in  this  room  must  have  been  reminded 
of  his  daily  w*ork  in  *'  localising  faults/'  It  is  done  in  a  telegraph  system 
of  conductors,  instruments,  etc..  by  means  almost  identical  with  those 
which  the  author  described  as  used  by  him  for  the  localisation  of 
injuries  to  llie  organic  structure.  The  necessity  arises  out  of  an  injury 
or  degeneration  through  diseasv.  which  leaves  behind  entire  or  partial 
psiralysis,  c*iused  by  entire  or  partial  severance  or  disintegration  of  the 
nerve.  The  test  by  meaiis  of  a  current  is  made*  In  a  telegraph  circuit 
a  fault  may  be  due  to  cithei  complete,  partial,  or  intermitting  discon- 
nection.   The  testing  galvaaoiiieier  shows  a  full  or  [martial  *'  respgnsc  " 


or  DO  resxKmsf-  ai  aL.     In  tnt  ca?^  m  :hi-  iclccranh  rirciii:  c*-^nTinuijv  i^   *v»v?i: 
oompkled  h\-  *  earui,*     W't-  havt  nn;  Seen  lolri  hou  i:  is  chained  in 
tbe  crgzmc  ssrucnrrt.  uiiics>  i:  i^  i broach  vrsavr  ir.  which  the  :5tnicTnrc 
is  ismDcrsed.  or  od  tht  suruicc   oat  the  skir.  when  moi^cncd,  which 
odiennsc  when  dry  ha>  hi^rh  insoiiariiu:  propcmcN. 

So  in  a  siniiiar  way.  I  Think,  our  electrical  distrihiition  cn^nccr  may 
ask  the  author  wbrthtT  hi>  work  dc%e>  no:  iind  an  analii^^  >Kilhin  I  he 
hnman  frame — that  i>  to  say.  ijeneration.  disrnhntion,  and  u;ilisation  v^' 
energy.'  Remember  I  am  speaking  entirely  a>  a  la>-roan  and  a>  an 
engineer,  and  therefore  I  am  only  anxious  thai  the  author  TRill  ^vc  us 
some  idea  if,  in  uiing  the  word  "  stimulus,"  he  means  that  he  is  *\r  i> 
not  adding  something  which  is  amdlianr  to  a  s>'stcm  of  generation,  dis- 
tribation.  and  utilisation  of  energy  which,  I  think,  we  may  a>^ume  is 
going  on  always  within  our  bodies.  And  that  particularly  in  connection 
with  the  involuntary  work  or  expenditure  of  energx*  that  is  giMUg  on  in 
the  circulation  of  the  blood,  an  illustration  of  which  is  to  be  found  in  the 
estimate  of  Helmholtz  that  the  heart  can  raise  its  oxi-n  uvight  iMf  o  ^v. 
through  20,250  feet  in  one  hour,  and  also  in  the  wvll-known  fact  thai 
the  weight  of  the  blood  is  about  one-txi-elfth  the  wh^^e  uxMght  of  the 
body.  There  must  be  some  generation  of  energy :  there  must  Ix^ 
some  conduction  of  that  energ>'  to  the  heart  to  enable  it  to  exert  that 
force.  A  study  of  that  mechanical  involuntary  work  that  is  always 
going  on  has  seemed  to  me  to  point  to  one  great  fallacy  in  the  metiical 
or  physiological  books  which  I  have  read,  and  that  is  that  the  heart  is  a 
pump. 

The  tests  made  by  physiologists  by  inserting  tulKs  in  an  artery 
and  measuring  the  pressure  are  no  proof  that  all  the  pressure  emanates 
from  the  walls  of  the  heart.  As  an  engineer,  one  protests  against  the 
assumption.  As  an  humble  student  of  nature,  one  tinds  everything  to 
contradict  it.  Nature  does  nothing  unmechanically.  The  concenti*ation 
in  one  place  of  the  work  against  the  load  is  unmechanical  if  the  work 
can  be  distributed.  We  engineers  are  learning,  by  placing  motors  all 
over  a  factory,  to  distribute  work  in  the  expenditure  of  the  energy 
which  has  been  generated  at  a  central  place.  I  believe  that  a  really 
careful  and  scientific  study  of  this  question  by  physioloj^ists  with  an 
engineering  turn  of  mind,  would  show  that,  of  the  work  done  in  main- 
taining the  circulation  of  the  blood,  the  gieatest  expenditure  of  eneigv 
is  at  the  periphery,  i.e.,  in  the  skin,  where  the  larjjer  quantity  of  blood 
has  to  find  its  way  through  a  tissue  or  membrane  situated  at  a  vasl 
number  of  points  in  the  skin,  where  the  red  and  blue  capillaries  meet, 
and  where  there  must  be  expenditure  of  energy  which,  when  taken 
together  (and  measured  in  "ergs"),  must  he  greater  than  that  exerted 
at  the  heart. 

Even  already  the  medical  treatment  of  defects  in  the  circulation  hy 
what  is  called  the  Nauheim  baths  is  winning  its  way,  and  in  undcrHtcHHJ 
and  admitted  by  experts  in  it,  to  be  entirely  mechanical  in  its  effect «». 

■  On  page  3  of  a  pamphlet  hy  Major  Crompton,  entitled  "  TJic  Kitting  of  the 
Bicycle  to  the  Rider,"  will  be  found  an  alluHJon  in  the  "frMKl  encrf(y/'  its 
"distribution,"  and  its  work  in  "repair"  of  waMc.    I  hope  he  w\\\,  »m  \\W 
return  from  Sooth  Africa,  continue  the  pursuit  of  this  qucMUm. 
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I  would  put  that  into  words  thus  :  The  balance  in  the  share  of  work  to 
be  done  has  been  upset.  One  part  of  the  structure — i.e.,  the  heart — is 
bcin^  overworked.  The  treatment  stimulates  the  skin  to  take  up  its 
proper  share  (probably  at  each  capillary). 

I  have  seen  in  a  medical  treatise  describing;  the  circulation  of  the 
blood  a  description  of  what  goes  on  mechanically,  which  showed  the 
necessity  for  a  mechanical  study  of  these  questions.  The  writer  bases 
his  illustration  on  the  fact  that  the  united  cross-sections  of  all  the 
capillaries)  is  "  several  hundred  times  that  of  the  aorta."  The  movement 
of  the  blood  through  closed  tubes  and  vessels  is  illustrated  by  the 
movement  of  water  in  an  open  channel  with  various  widths,  depths, 
and  sections  and  without  reference  to  the  influence  of  fall,  friction,  or 
atmospheric  pressure,  and  utterly  unscientific  conclusions  are  draw*n  for 
the  instruction  of  medical  students.  This  book  is  a  text-book  published 
in  the  United  States,  and  later  in  this  country.  Otherwise,  in  its  own 
science,  it  is  apparently  eminently  correct. 

This  may  be  going  a  little  outside  our  subject  for  the  moment,  and 
I  shall  not  pursue  it  further,  but  I  hope  my  remarks  may  lead  others  to 
make  it  their  study.  The  only  place  in  which  I  have  traced  anv 
allusion  to  work  done  in  the  organic  structure  by  means  of  electrical 
energy — there  may  be  many  others,  and  my  research  may  have  been 
very  deficient — is  a  reference  to  electrolytic  action  said  to  be  going  on 
in  the  capillaries  on  each  side  of  a  membrane  through  which  the  blood 
corpuscles  have  to  pass,  which  membrane,  I  think.  Sir  Michael  Foster 
tells  us  no  microscopic  power  has  yet  been  able  to  analyse,  the  positive 
action  being  on  the  red  capillary  side  and  the  negative  on  that  of  the 
blue  capillary.  Whether  the  effect  of  the  action  is  endosmic,  or 
stimulating,  or  propelling,  or  is  described  as  negative  dialysis  is,  I 
believe,  as  yet  obscure  to  the  physiologist.  The  engineer  can,  from 
the  mechanical  point  of  view,  have  little  doubt  that  the  propulsion  of 
the  fluid  is  universally  assisted.  If  work  is  going  on  (amongst  others) 
at  every  point  where  capillaries  exist,  there  must  be  a  universal  system 
of  distribution  of  energy  to  carry  on  the  involuntary  work  of  the  cir- 
culation, as  well  as  to  do  any  other  work  that  has  to  be  performed 
in  the  capillaries  and  elsewhere.  I  will  only  further  remark  that  any- 
thing which  brings  the  engineer  and  the  physiologist,  or  those  who 
use  electrical  energy  for  the  purpose  of  medical  treatment  nearer 
to  one  another,  anything  which  brings  their  minds  in  contact,  must 
be  of  use  to  our  fellow-creatures.  That  the  reader  of  this  most 
interesting  and  valuable  paper  has  to-night  brought  us  much  nearer 
to  understanding  the  use  of  electricity  for  medical  purposes  than  we 
have  ever  before  had  the  opportunity  of  being  brought,  is  a  statement 
with  which  you  will  all  agree.* 

Mr.  F.  J.  MUDFORD  :  I  should  like  to  suggest  to  Dr.  Jones  that  a 
possible  means  of  measuring  the  current  represented  by  the  top  of  the 

»  I  would  add  a  remark  (since  the  meeting),  namely,  that  if  the  nerves  are 
poor  conductors  of  electricity,  and  if,  at  the  same  time,  they  conduct  energy, 
may  it  not  be  that  they  are  in  some  way  also  electrical  accumulators  which 
are  perpetually  in  a  condition  of  charge  and  discharge  ? 
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^^vc  to  which   hu  alluded  would  b^  to  bci  over  the  j^inkn^  of  an    J 
ordinaty  niitlianrpcrL'  meter  to  ;i  point  on  ihc  scale  wiicre  it  vvoiitd  It*! 
jlii4  kicked  off.     It  would  he  ;i  little  troublesome   in  u>t%  hiif   1  have 
used  that  method  m\'self. 

Sir  Hexry  Mavxk  :  There  i^  one  point  which  has  not  iKfen  rctcrred  * 
to  by  Dr.  Jonc:^,  and  thitt  is  the  pohirisfction  th;it  take>  place  in  the 
human  body  iitider  ihe  passage  of  a  current.  1  renieniber  many  year^ 
ago  umking  some  experiment.^  to  cevcerlasn  Ihe  resislance  ot  Ihe  liody 
from  one  wrist  lo  the  other.  1  found  th^tt  the  resuhs  1  obtained  were 
much  higher  than  what  they  ought  to  he*  but  when  eorreettrd  bv  Ihe 
lorniula  for  tliminatiuj^  thr  L'fifcct  of  polai  isation  they  c;inie  out  ^oniewhat 
as  follows  I  I  It'iiled  tw^o  natives,  one  of  whom  had  a  resistance  of 
r.300  ohms,  and  the  other  1,200  ohms.  Tile  rcsist.mcc  between  the 
wrists  ot  an  adult  Ku  rope  an  tested  at  Ihe  same  lime  under  similar 
conditions  was  somcwiiat  less,  being  900  ohms  onh%  There  was 
polarisation  in  each  case. 

Professor  J.  Pkrrv  :  1  speak  as  a  Philistine  on  this  subject,  but  1 
should  like  to  say  that  1  am  vere  filad  to  think  that  medical  men  arc 
beginning  to  speak  ahoii I  the  i^real  evil  of  the  earthing  of  Ihe  return 
in  the  wiring  of  shops  and  hojsjs.  With  regard  to  th;,*  char^'ing  of 
accumulators,  I,  in  common  with  many  people,  have  wanted  a  small 
voltage  supply  for  charging  nn  accumulator*  Why  not  tlo  this  - 
Suppose  your  house  is  wired  for  200  volts,  30U  could  easily  get  a  lantp 
of  lower  voltage  which  you  could  put  on  in  scries  with  your  accumulator. 
Have  that  lamp  gL>ing  w*hen  you  want  to  charge  your  accumulator,  and 
at  other  times  put  on  the  ordinary  lamp.  May  I  tell  General  Webber 
that  we  believe  thi:re  is  something  the  reverse  of  electrolysis  going  on 
in  the  animal  machine  ?  The  animal  nxachine,  w*hich  consumes  fuel  and 
gives  out  mechanical  energy  is,  as  most  of  us  believe,  an  eh^ctrical 
machine.  It  cannot  be  a  heat  machine  unless  the  secuud  law  ul 
thcrmo-dynainics  is  inapplicable.  Its  efiicieney  is  pretty  high^ — ijuite 
forty  times  higher  than  it  would  be  if  it  were  a  heat  machine  working 
within  such  low  hmits  of  temperature.  It  may  be  that  the  second  law 
of  thermo-dynamics  is  evaded,  for  we  know  thai  exceedingly  small 
beings  are  able  to  evade  it ;  and  possibly  they  need  not  be  so  small  as 
to  be  of  molecular  size  to  do  so.  The  chances  are  lliat  it  is  an  electrical 
machine,  and,  in  fact,  I  think  we  know  pretty  well  how  the  fuel  is 
converted  into  electric  and  other  forms  of  energy ;  it  is  a  gas  baltery. 
1  wish  I  had  time  to  dw^cU  upon  this  and  give  my  ideas  as  to  the  real 
mechanism  by  which  the  thing  occurs.  1  have  been  trying  for  years 
to  do  in  a  model  wiiat  Nature  does  so  very  easily  in  the  human  body, 
but  it  is  not  easy  to  imitate, 

1  will  refer  to  one  other  matter.  Last  yean  at  Baden  Hadcn,  I 
became  acquainted  with  a  gentleman  very  well  known  to  many  English 
specialists— Dr.  SchUep.  I  was  greatly  astonished  to  (ind  that  for  twenty 
years  that  gentleman  had  actually  been  making  experiments — it  is  not 
often  one  hnds  a  medical  man  making  experiments  of  any  kind-^on 
atmospheric  electricity.  He  asked  me  to  try  to  invent  a  simple 
instrument  which  would  give  him  the  sort  of  measurement  that  lie 
wanted  ;  w^hich  could  be  sold  to  medical  men  quite  chea\^W ,  ^wd  \\%vs. 
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he  thought,  might  induce  all  medical  men.  or  a  great  nninber  of  them, 
to  make  observation >.  As  it  was  he  had  been  using  a  gold-leaf 
eIectroT»cope.  and  wa<  able  to  >how  whether  the  potential  was  plus 
or  minus,  and  whether  it  was  much  or  little.  But  really  it  was  most 
a>tonishing  the  rort  of  result  that  he  obtained.  He  told  me  he  knew 
fifteen  hour>  beforehand  when  certain  classes  of  patient  wxMild  come  in 
crowds  to  him.  If  there  wa>  positive  electrification  neaiiy  every  one 
would  be  fairly  healthy — some  ca>c>  of  neuralgia  would  present  them- 
selves— but  when  there  \*'as  negative  electrification  he  knew  that  all 
sort  of  ner\-ous  and  depre>Mxi  people  would  be  coming  to  him  for 
relief.  As  a  rule  there  is  positive  electrification  when  the  weather 
is  dr\*  and  ncj^ative  when  the  weather  is  wet,  but  it  is  not  a  high 
but  rising  barometer  that  accompanies  the  positive  electrification. 

Mr.  \V.  H.  CoFKix  :  It  seems  to  me  that  the  great  drawback  in 
the  pa>t  lia>  been  the  fact  that  the  physician  has  not  been  (nor  is  he 
yet)  a  physicist,  nor  have  they  met  in  the  physiologist,  who  ignores  the 
question  of  therapeutics.  I  well  remember  the  occasion,  referred  to  by 
(jeneral  Webber,  in  this  room  many  years  ago,  when  Mr.  Preece,  as  he 
then  was,  made  a  great  point  of  the  fact  that  even  those  medical  men 
who  had  devoted  themselves  to  the  study  of  electrical  treatment  were 
ignorant  of  such  thing>  as  an  ampere  or  a  volt,  it  being  in  Mr.  Preece's 
mind  that  electricity  was  prescribed  regardless  of  amount  and  quality*  ; 
a>  if  you  were  to  send  a  patient  into  the  pharmacy  to  take  as  much 
lis  he  wished  of  any  particular  medicine  recommended.  There  will 
always  l>e  a  difference  between  the  measurement  of  anything  ap- 
proaching accurate  current  strength  or  electrification  and  the  measure- 
ment of  a  dose  of  a  drug  taken  into  the  system.  The  measurement 
of  effect  must  be  the  difficulty  in  the  medical  use  of  electricity.  It 
must  be,  as  Dr.  Jones  has  told  us  so  clearly,  that  in  modern  medical 
practice  electricity  when  not  used  either  to  replace  the  siu-geon's  knife 
by  electrolysis  of  tumours  or  pathological  growths,  or  to  replace  the 
caustic  paste,  is  employed  more  for  a  general  systemic  than  for  a  local 
electro-stimulation,  which  has  somewhat  failed  and  disappointed  us. 
Much  of  this,  apparently,  as  has  been  pointed  out,  is  due  to  our 
imperfect  apprehension  of  the  conducting  power  of  the  skin.  The 
insulation  of  the  skin  varies  so  enormously  in  different  circumstances 
and  in  different  individuals,  that  we  really  do  not  know  what  we  are 
doing  when  we  imagine  we  are  sending  a  current  through  the  body, 
applying  both  poles  to  the  cutaneous  surface.  I  think  that  any  one  who 
has  systematically  used  electricity  will  endorse  what  Dr.  Jones  says  in 
his  encomium  upon  the  electrical  water  bath,  the  great  comfort,  the 
great  ease  and  simplicity  and  beautiful  results  one  gets  from  that  must 
certainly  be  made  a  good  deal  of.  But  there  is  this  difficulty,  that  in 
the  electric  bath  you  really  do  not  know  what  current  your  patient  is 
receiving.  You  know  the  maximum  current  which  he  might  have,  and 
therefore  there  is  a  safeguard,  but  when  you  consider  he  is  surrounded 
by  a  conducting  medium  at  varying  temperatures  it  is  very  difficult, 
and  it  may  be  impossible,  to  know  what  takes  place  exactly.  So  that 
those  who  have  derived  valuable  results  from  electric  baths  have  almost 
been  led  to  consider  that  it  was  almost  a  superficial  effect,  and  not  a 
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bttt  hci«r  it  happen  vr  dp  mA  kmam:  In  omfiiiawig  m^ait  GcvKtm] 
Wchber  lias  siidL  it  H  a  way  wseM  wad  iMpeM  ^mtg  to  kiw  a  di^ 
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Captain  W.  P.  B^TT :  Tbe  aotbor  las  nrfcinsd  lo  X-Ray  wwk.  as  gjf*« 
far  as  it  h^  exptoned  tbc  hamaii  fiane*  but  he  has  not  mcntiociod 
whether  these  rmyi^  have  anj  cvT^livc  cfiect-  Mr  curio^ty  was  excited 
not  ven-  totig  ^iicc  br  seeing  what  appeared  to  be  a  remarkable  ^erie^ 
of  pilot Qgraphs  of  a  case  oC  lupus  in  the  face.  The  photographs  \\itc  oI 
I  he  patient  l;Lken  at  intervals  of  a  w^eek.  He  was  subjected  pcrimliciilly 
to  the  X-Ray^,  and  Uie  re^mlts  were  most  remarkable  in  the  disiipjxMt  - 
;incc  of  the  lupus  within  a  comparatively  short  time.  I  would  like  to 
ask  the  lecturer  whether  he  knows  of  any  otlier  instance  of  ciuativc 
work  by  means  of  X*Ray*.  In  reference  to  the  author's  w^ntin^  a 
means  of  charging  small  celts ;  that  w^iit  was  felt  very  keenly  in  the 
recent  Egj-ptJan  campaign,  w^herc  the  X-Rays  wxvu  lirsl  used  tu 
warfare,  and  it  W"as  met  in  this  way  :  A  tandeiii  bicycle  was  foniid,  and 
a  small  dynamo  :  the  bicycle  w^as  mounted  to  run  that  dynamo,  ^tnd  ttic 
cells  w*ere  kept  charged ♦  With  direct  current,  as  Professor  Perrv  hab 
pointed  out,  there  is  no  difficulty ;  ;md  with  altcruatiu^  cvurent. 
especiitlly  where  efficiency  is  of  no  account,  w^e  cau  put  in  a  suiall 
motor,  connected  with  a  small  generator. 

Mr.   W.  M,  MoRDEV  :    May  I    surest  that  for  small  currents*  we    Mi.  Mitfilty. 
should  use  thermopiles  ?    They  could  be  easily  produced   for   nuch 
purposes  at  a  leasonable  price*  if  there  were  a  large  demand  for  u 
type  that  could  be  used  with  the  ordinary  gas  sLippl>,  hih{  made  U* 
give  an  ampere  or  so  at  a  few  volts. 

In  regard  to  the  question  of  apparatus,  it  is  to  be  wished  Ihat  ^ome 
engineers  who  had  time  and  opportunity  would  take  up  live  de%ign  tif 
apparatus  of  tbe  kind  exhibited  in  illustration  of  this  paper,  *riiei  e  lun 
been  practically  no  change,  for  example,  in  the  dc>iK*n  of  the  Klnnnkorl 
coil  since  Rhumkorf  invented  it.  It  is  true  that,  m  altejn|>tlng  k> 
improve  an  app^uatus  of  thi?^  kind,  one  frndi*  that  the  origirud  de-ii^mrfc 
knew  more  than  one  supposes,  atid  it  jieems  at  fir^t  perhapfi  diflktiM  In 
impro%*€  them,  but  I  am  quite  sure  that  the  Kluimkurf  c«»il  \\n%  luleil 
long  enough  in  its  present  form*  Tn  refer,  for  rjt,ini|ile,  to  live  ^vtN 
^kely  Mot' up  and  polished  instrument  exhibijcd  bctgi  ilw  Wwiwti^VitfX 
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Mr.  Mordey.  polc-piccc  i^  carefully  >hort-circiiited  by  a  solid  block  of  metal.  Here, 
where  the  nia);;netiMii  i>  wanted  to  go  in  and  out  as  easily  as  possible, 
every  }>ossible  precaution  has  been  taken  to  prevent  it  from  doing  so. 
The  block  that  moves  is  a  solid  piece,  and  the  pole-piece,  instead  of 
beinjLj  laminated  so  as  to  work  with  the  smallest  possible  current  and 
with  the  f^reatest  rapidity,  is  made  solid.  In  many  respects  the 
Khumkorf  coil  might  be  improved  by  any  of  us  with  experience  of 
designing,  and  with  time  to  take  tlie  thing  up.  I  have  no  doubt  that 
kind  of  criticism  could  be  applied  with  force  to  most  of  the  apparatus 
sold  by  opticians. 

I  am  glad  the  President  has  asked  the  author  to  explain  what  is 
meant  in  medical  circles  by  *'  electrilication."  It  is  to  t)e  noted  that 
the  terms  so  often  met  with  in  medical  papers  dealing  with  electrical 
matters  are  not  used  here.  The  author  has  avoided  the  words  **  Fara- 
disiition"  and  ''Galvanisation."  and  a  number  of  other  words  which 
electricians  find  in  medical  works,  but  not  in  any  other  kind  of 
electrical  literature.  I  d()  not  know  whether  General  Webber  worked 
out  the  horse-power  of  the  heart,  but  in  the  example  he  gave  it  is 
only  about  four-thousandths  of  a  horse-power. 

Mr.  Tioitcr.  Mr.  A.  P.  Tkottkr  :  I  have  never  seen  one  of  the  aluminium  one- 

way cells  which  only  allow  current  to  pass  in  one  direction.  Such  a 
cell  might  serve  to  charge  an  accumulator  with  an  alternating  current. 
Perhaps  somebody  will  give  us  some  more  information  about  it.  I 
should  like  to  ask  if  Dr.  Jones  can  tell  us  what  it  is  that  he  wishes  to 
measure  with  his  induction  coil.  Is  it  the  voltage,  or  is  it  the  milli- 
amperes,  or  the  millicoulumbs  ?  He  has  stated  that  the  diflFerent 
kinds  of  alternate  currents — from  the  coil,  from  the  alternate  current 
mains,  and  so  on — have  different  effects.  It  may  be  the  top  of  the 
peak  of  the  curve  wliich  is  giving  the  result,  and  the  total  coulombs 
might  be  a  very  small  factor  in  the  question.  The  number  of  niilli- 
ampcres  is,  I  believe,  usually  measured,  and  this  is  naturally  the  only 
consideration  which  affects  the  question  with  continuous  current.  It  is 
a  particularly  interesting  subject  to  me,  for  I  happen  to  have  followed 
Dr.  Jones's  work  for  the  last  twenty  years,  since  I  was  studying 
pliysiology  with  him,  and  I  have  watched  the  important  progress 
which  has  been  made.  I  asked  his  permission  just  now  to  ask  him  a 
tjuestion.  If  you  try  to  hold  out  your  arm  straight  from  the  shoulder 
for  some  time  it  becomes  exceedingly  painful.  From  an  engineering 
point  of  view  you  are  using  force,  but  not  doing  any  work.  Physio- 
logically 1  believe  you  are  doing  work.  Hut  that  peculiar  tiredness,  I 
believe,  can  be  almost  wiped  out  in  a  very  short  time  by  a  certain 
application  of  electric  current.  It  occurs  to  me  that  when  one  comes 
home  very  tired  after  a  day's  work,  not  muscular  work,  some  of  that 
tiredness  might  be  removed.  I  should  like  to  ask  Dr.  Jones  to  tell  us 
something  on  this  point. 

ckntr.ni  General  C.  E.  Wkhher  :   May  I  ask  Dr.  Jones  if  he  will  try  and 

Webber.  combine  the  answer  to  my  question  with  that  of  Mr.  Trotter's,  because  I 
think  the  same  answer  will  apply  to  both. 

Mr.  Walker.  Mr.  S.  F.  W.VLKKR  [coninntfiicatcti']  :  I  should  like  to  offer  my  hearty 
co/i^'jatnhitions  to  the  author,  and  to  those  who  are  working  with  him. 
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on  Utif  grcai  iidvAm:^   whtcli  Iibs  been  oiadf  in  tlie  application  of    ^^^  ^'***« 
ekdridty  to  tncdiaiJ  and  9»|$ai]  work  since  the  bit  occ^i^sion  on 
which  tht'  subject  wo^  brought  before  the  Institute  :.and  &tiU  more  OH 
the  grasp  of  the  s^ubjcct  which  Dr,  Jone*  hini^eU  appears  to   have 

securtxL 

When  the  Instituiion — then  th*;  Society  ot  Telegraph  Eu^ncer^-r^1et 
Ski  the  HcaJth  Exhthitioii,  the  late  Dr.  Stone,  who  had  licen  working  at 
the  subject  for  some  years,  gave  a  lecture,  from  which  it  was  evident 
thai  medical  eiectrie^l  practice  v^*a^  then  in  a  very  empirical  stale, 
^od  the  knowled^Te  ot  electricity  possessed  by  ^mc,  even  of  the  ablest 
men  of  the  medical  profession,  ver\*  small  From  Dr.  Jones  s  piiper  we 
arc  able  to  see  that  siU  that  is  changed. 

One  canse  of  backwardness  in  those  days  w"*is  the  crude  fonii  of  the 
sippiaratns  employed,  and  the  great  difficulty  of  keeping  it  in  workiU|t* 
order.  Doctors^  who  used  electricity  in  their  private  practice  liked  la 
have  a  portable  apparatus  that  they  could  carry  about  with  them.  But 
rtus  necessitated  small  cells,  which  were,  and  are  even  now,  thou|;h 
much  improved,  verj'  Ixouhlesome  to  tuairvtain.  To  produce  a  ctinent 
of  any  strength,  even  measured  in  niilliamperes,  alChoujTli  for  a  short 
time,  fiiirly  large  cells,  and  some  of  the  more  *  powerful  oxidising 
agents,  with  :dl  which  their  use  entailed,  had  to  l>e  employed.  The 
advent  of  electricity  supply  has  changed  all  that,  and  it  is  very  gratify- 
ing to  electrical  engineers  to  find  that  the  great  London  hospitab  have 
so  quickly  taken  advantage  of  the  currents  ready  to  their  hand. 

But  there  is  another  cause  for  the  backwardness  that  I  fear  still 
exists,  notwithstanding  the  great  advances  which  have  been  made  by 
Dr.  Lewis  Jones  and  other  leaders  of  his  profession  ;  and  thiU  is  the 
want  of  colhiboratiou  between  the  two  professions,  Kach  profesi>ian 
stands  at  an  enormous  disadvantage  when  approaching  problems  con- 
nected with  the  ground  occupied  by  the  other.  The  very  nomenchiture 
of  each  must  be  largely  a  iernj  huogftihi  U\  the  other  !  And  even  where 
a  member  of  either  profession  is  able  to  study  tlie  principles  of  the 
pnictice  of  the  other  profession,  sufticiently  to  enable  him  to  deal  vviHi 
the  work  in  hand  at  the  moment,  he  cannol  have  a  grasp  of  the  sulijcct 
like  the  man  who  has  miicle  the  science  a  lifelotig  studv,  and  hence 
will  necessarily  miss  many  important  lessons^  and  will  take  longei  in 
working  out  each  problem,  than  if  he  were  assisted  by  a  member  of 
the  other  profession.  On  the  other  hand,  there  should  be  few  secretn 
in  the  working  of  the  organs  of  the  human  body  that  Nature  could 
refuse  to  disclose,  when  examined  by  a  joinl  coniniiss^ior;  of  the  two 
professions*  UnforLunately,  there  appears  to  be  cousiderable  jealousy  on 
the  part  of  large  numbers  of  the  medical  profession  as  to  the  intrutiion 
of  any  outsider  within  their  sacred  grounds.  We  may  fan  ly  hope,  how- 
eve  r ,  t  h  a  t  t  ill  s  al  so  w  i  1 1  d  i  saj^  p  ea  r,  K 1  ec  1 1  i  eal  e  ngi  ne  e  r s  f la  v  e  bee  n  j  eati  y 
to  take  up  every  subject  into  which  electricity  could  be  introduced,  so 
that  probably  medicine  and  s^urgery  will  follow  in  due  course. 

The  author  ask^  us  to  help  him  to  solve  several  problems.  He  nsks 
why  I  he  induced  current  from  a  coil  behaves  in  a  manner  different 
from  the  contintions  current,  when  applied  to  healthy  and  dvsw^^svtV 
mnM'lr^  but  he  oiuits  lo  instruct  us  m^  to  the  woikiug  ul  lUU^wi^U:^  ^ud 
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iverve^  nsder  ordiiiaiy  OHidtliotis,  whm  <^leclncity  h  not  in  evidence. 
In  the  remarks  wbkh  foOow  on  thb  poinL  tbcTcfore,  it  mti^  he  Uken 
Hull  I  mm  merelv  suggesting  methodic  of  iiiTcsti^itiOQ,  rather  tliail 
ofiFcriiig  m  sohitioa  of  the  problc^m. 

The  snthor  tells  us  that  when  an  indiact^d  current  IrQcn  the  ordinmrf 
make  and  break  coil  U  applied  to  a  mu^^cte,  the  latter  gives  a  twitch 
tastti^  for  the  tenth  of  a  second,  the  contraction  bec<jming  permanent ^ 
as  long  ai»  the  cnrrent  b  applied,  when  the  shock:>  succeed  each  other 
sttl^ciently  rapidly.  On  the  other  hand,  a  cotitinuous  cnrrent  of  aboot 
5  miUiampere^  producer  a  twitch  on  closing,  and  on  opening  the 
circuit,  the  muscle  remaining  t|uiei?C€nt  while  the  current  is  pasifiing, 
after  the  first  twitch  on  closing  ;  but  that  when  conUnuou-s  current i  of 
ao  to  2y  milliampercs  sire  passed  through  the  muscle  permanent  con- 
traction takes  place.  A^ain,  when  pamU'si!:: — dl  a  limb,  I  presume — 
h  presents  the  muscle  will  not  rt^^pond  through  it»^  ncn^e!^ — I  presume 
throngh  its  trunk  nerves — to  either  the  induced  current  from  the  coil* 
or  the  continuouii  current,  but  that  llie  muscle  will  rcJ^pond  to  the  con* 
tinuous  current  when  iipphed  to  it  directly*  I  gather,  however,  from 
tlie  statement  on  page  ],yi,  that  it  is.  the  weaker  form  of  continuous 
current  to  which  the  muscle  resiponds,  by  giving  a  slow  twitch.  As 
the  author  remark'?^  Ihi^  method  of  testing  mus4  be  of  ^eat  valtte  in 
diagnosis ;  but  he  asks  u.s  to  state  why  the  nen-es  and  muscles  behave 
as  thev  do,  I  believe  that  we  i^n  answer  the  question  when  we  have 
all  the  conditions  before  us.  I  believe  I  am  right  in  saying  that  all  the 
muscles  arc  controlled  by  a  system  of  nerves,  emanating  from  either 
the  brain  or  the  spinal  cord,  and  ramifying  throughout  the  system,  like 
the  branches  of  a  tree,  or,  say,  the  distribution  network  of  an  electricity 
supply,  and  that  when  a  mus^cle  is  to  operate  a  message  is  sent  from 
the  brain,  or  by  reflex  action  from  the  spinal  cord,  along  the  nerve  to 
the  muscle  ;  and,  further,  thai  paralysis  of  a  particular  muscle  or  group 
of  mu^les^  consists  in  tlie  inabiJity  of  ihe  ner\'e  controlling  the  muscle* 
or  the  group  of  muscles,  to  transmit  the  mess;ige.  It  is  not  known,  I 
believe,  how  the  message  is  transmitted  by  the  ner\^es  ;  but  it  is  known 
that  if  the  nerve  is  severed,  that  portion  lying  beyond  the  parting  is 
cut  oflf,  and  the  control  of  the  muscles  controlled  by  it  is  lost ;  and 
that  if  a  nerve  is  pressed,  crushed,  by  a  foreign  body,  such  as  an 
abnormal  growth  of  any  kind»  its  abihty  to  transmit  messages  to  the 
muscles  it  controls  is  impaired,  and  may  be  suspended.  It  is  known 
also  that  the  message  may  be  imitated,  1  believe,  by  tickling  the 
exposed  end  of  the  ner\c,  by  applying  heat  to  the  nerve,  or  b>^  applying 
electricity  in  the  manner  described.  We  may  fairly  assume,  then,  that 
the  nerve  Enessiige  is  transmitted  by  a  physical  force,  a  mode  of  motion, 
like  heat  and  electricity*  into  which  heat  or  electricity  can  be  trans- 
formed. In  every  part  of  the  body  also  there  exists  a  complete 
system  of  blood-vessels  in  duplicate,  connected  at  one  end  by  the 
very  imi!  network  of  the  capillaries,  and  at  the  other  by  tlie  heart. 
These  two  sets  of  hiood-vcsscls  (the  veins  and  arteries)  lie,  usually,  side 
by  sidCj  or  very  close  to  each  other.  In  the  former  set  the  blood  is 
streaniing  back  slowlv,  at  a  umform  rate,  while  in  the  latter  set  it  is 
being  forced  oujward  by  Ltie  heart  ni  pulsations  of  60  to  70  strokes  per 
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tuinute^  Now,  although  every  part  of  Ihe  body  will  trant^mit  electric  *'■  Walker 
currents,  in  the  inverse  ratio  of  their  proportions^  1  heheve  that  the 
major  portion  of  any  current  which  passes  thron^^h  any  part  of  the 
body,  omitting  that  transmitted  by  the  moisture  on  the  skin,  will  be 
carried  by  the  blood-vessels.  When  we  pass  a  current  through  a 
portion  of  the  l>ody,  say  through  a  linib,  or  through  a  i»et  of  mtiscL'i^, 
we  perform  the  following  operations  :— 

K  We  deliver  to  the  nerves  in  the  hue  of  the  current  a  ccrtnin 
quantity  of  energy,  which  they  are  able  to  transfonii  into  what  may 
l>e  termed  nerve  conduction. 

2.  We  create  a  magnetic  held  within  the  body,  and  around  it,  but 
chiefly  around  the  principal  blood-ve^asels. 

3.  Wc  charge  a  condenser  within  the  muscle. 

4.  In  virtue  of  the  presence  of  this  magnetic  held,  we  generate 
E.M.F's.  in  the  fluids  moving  in  the  blood-vessels,  and  these  E,M,F's, 
will  be  : 

a.  Op|K>site  to  each  other,  by  reason  of  the  fact  that  tlie  fluids,  the 

conductors,  are  moving  in  opposite  directions,  and 

b.  While  that  generated  in  the  veins  will  be  a  steady  E.RLK,,  that 

in  the  arteries  will  be  pulsating. 
But  the  bdiaviour  of  the  muiscles  when  induced  and  continuous 
currents  are  applied  to  them,  gives  us  further  information  iis  to  tlic 
nature  of  the  nerve  current,  or  rather  as  to  the  conditions  under  which, 
apparent ly»  it  is  generated,  which  1  think  will  ensiblc  us  to  get  nearer 
Ihe  cause  of  the  difference  between  the  action  of  the  two  currents,  to 
which  1  have  above  referred  in  quoting  the  author's  remarks  on  the 
subject.  It  would  appear,  then,  that  the  excitation  of  the  nerves  con- 
trolfing  the  muscle  is  connected  either  with  the  creation  and  recession 
of  the  lines  of  force,  constituting  the  magnetic  held  created  within  the 
body,  or  with  the  charge  and  discharge  of  the  condenser.  The  ex- 
planation of  the  permanent  contraction  of  a  muscle  under  the  inHuenco 
of  a  continuous  current  of  a  certain  strength  may  be  as  follows  :  While 
a  current  is  passing  tti rough  a  muscle,  currents  pits^  through  the  t>lood' 
ve*isels,  and  a  steady  K.MF.  is  created  by  the  blood  passing  in  the 
veins,  and  a  pulsating  E.M.F.,  in  tlie  opposite  direction,  created  in  the 
arteries^  At  the  commencement  of  each  pulsation,  we  shall  have,  in 
the  artery  J  a  feeble  imitation  of  what  takes  place  with  the  current  from 
the  induction  coil,  and  when  the  circuit  of  the  continuous  current  is  first 
closed,  viz.,  a  disturbance  of  the  magnelic  iield  in  the  neigh lH>urhood, 
;uid  of  the  electrostatic  conditions.  If  this  is  so,  it  is  only  necessary  for 
tile  current  to  be  of  a  certain  strength  for  these  successive  disturbances 
to  be  of  sufiicient  magnitude  to  cause  the  same  permanent  contraction^ 
:%»  the  dciiverv"  of  successive  currents  from  the  induction  coil  does. 
The  line  of  investigation  would  appear,  therefore,  to  be  to  measure  the 
smallest  current,  or  the  smallest  E.M.F,  necessary  to  excite  each  par- 
Itcttlar  nerve,  and  to  find  out  what  actually  takes  place  during  the 
passage  of  currents,  which  are  steady  outside  the  body.  It  should  also 
he  noted  that  the  increased  E,M.F.  pre>ent  when  a  larger  current  is 
passing  may  have  something  to  do  witli  the  matter.  Evidently- ,  a  Votv^ 
-erics  of   careful  measurement)*  is  required.    I'here  \s  auolVi^t  ^o\uV 
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Ifr.  Wiiiiia,  wortljy  of  inveijtigiitit^n,  vi/.,,  Doc^  tht-  energy  expended  when  n  niii>ck 
i^  cojitr^ctcdj  come  from  the  Krtiin  or  tram  the  muscle  itself  ;  and  how 
h  Idv  tran^rarnmtioii  rflfcctcd  from  the  iien*e  to  the  nitu^clc,  or  how  ts 
the  incsciitgc  paved  on  ? 

On  page  35a  of  the  pjipcr  reference  is  iiiudc  to  the  sippitcsUion  oC 
electric  currents  incrcasini^  the  rate  of  growth  of  particular  animals, 
and  of  piirlicubr  mtiscics.  No  n i east jrc merits,  tiowevej-.  heyond  the 
irjcrc:i^.ed  rate  of  growth  appc^ir  to  have  Iteeji  m^ule.  It  is  to  Ih*  pre- 
sumed that  tile  inerea^ed  rale  of  nutrition  was  due  to  the  well-known 
property  of  ekctricaJ  endosniuset  the  property  in  virtue  of  which  the 
pii\^igc  of  hquid^  liirough  a  porous  botly  is  more  rapid,  when  a  ciirrent 
of  electrit;ity  is  pa:s&ijig  in  the  i.;inie  direction. 

I  would  suggest  to  the  author  that  thiis  is  a  portion  of  the  subject 
well  worth  following  up  with  accurate  mcii^urcment.  The  rate  of 
Hcceleration  of  the  endosmolic  action  per  sqiuirc  niillimetre  of  n\cm* 
hrane.  and  per  tenth  of  a  mi  I  Ham  pert,  should  he  carefully  measured 
for  each  impijrtant  membraue  in  the  body,  and  for  membranes  in 
%'arions  stages  in  health  and  disease,  nmi  1  venture  ii  ^suggest  that  when 
this  hiLs  been  done  electricity  will  he  used  very  much  more  tor  rcstiiring 
health,  where  Its  loss  is  due  to  imptfrfect  action  of  the  organs  of 
secretion,  The  task  h  a  difficult  one,  but  probably  not  more  so  than 
many  others  the  medical  profesiiiou  have  tmdertaken,  and  I  do  itot 
think  it  will  be  found  an  impossible  one. 

Much  may  l>e  accomplitshed  in  the  way  of  m;;asuremcnt,  and  many 
"pointers"  obtained,  liy  experimenting  on  porous  earthenware,  and 
upon  mendiranes  taken  from  animals,  after  various  lengths  of  time. 
More  will  be  done,  however,  when  the  medical  profe^i>ion  recognise 
that  the  human  liody  is  an  electrical  apparatus,  or  a  system  of  apparatus, 
just  a:*  a  telephone,  or  electric  light  or  power  service  is,  and  that  its 
circuits  are  all  to  be  mapped  out  electrically,  so  that  when  an  E,M,F. 
of  a  given  value  is  created  between  any  two  points  or  surfaces  it  will 
be  known  that  a  certain  current  stiengih  is  passing  thiough  a  certain 
membi-^ne,  and  should  be  doing  certain  work,  or  through  a  certain 
duct,  or  bone*  ffec,  ;md  that  certain  MM.Fs.  exist  at  certaiji  points 
within  the  l>ody.  I  shaH,  no  doubt,  he  told^  as  1  have  been  before,  that 
this,  is  impossible.  It  is  not — it  is  only  dhftcnit.  An  ontsidert  looking 
at  one  of  the  street  testing* boxes  of  the  telegraph  sen  ice,  would 
imagine  it  to  be  iinpossible  to  know  the  current  passing  in  each  w*irc  ; 
yet,  a!&  wc  all  know,  the  engineer  of  the  postal  telegraph  service  can 
tell,  at  any  moment,  not  only  how  tnuch  current  is  passing  through 
each  wire  but  fiow  much  is  parsing  through  each  foot  of  the  insulating 
envelope  of  eiich  wire> 

The  author  has  gone  a  long  way  in  this  direction,  as  he  realises 
that  the  current  disperses  after  it  has  passed  inside  the  body, 

I  have  indicated,  in  the  above  remarks,  necessarily  in  a  somewiiat 
imperfect  form^  the  thoughts  that  have  occmred  to  me  on  reading  Dr. 
Lewis  Jones's  paper,  and  I  hope  that  he  nm'  be  induced  to  continue 
his  investigations,  with,  I  am  sure,  every  assistance  the  Institution  c»in 
give  him, 

Dr.  Licwjs  l^KW^  iu  i^epiy  ^d  :  I  iiuvc  tried  to  be  ;i^  careful  a^  I 
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cottid  wifb  my  tcnxt^  heidrc  t&b  am^cncr,  and  I  rvcoffiibr  iHc  ohfCCo  SJ^ji,^ 

tifsns  to  tile  use  otf^  tbe  «ord  ""^octriftcaticia"  m  the  ^m^c  «il  jjmcnhl 

electrical  3f>pliG«toi^     I  ivli  Idl  TOO  how  ooe  coined  to  nsr  it. 

Fatiorts  aw  sent  lo  roe  Ifocxi  the  ool-paliails'  rMltts  or  tbr  irards  lo  be 

*' electrified"  fv  lo  be  '^ gairuikcd,*  mtid  »  ocie  li»s  gcA  Intotifeevm^ 

of  using  as  m  geoem!  tirrm  ibe  wotid  *-  ekdriftcatioei  **  for  jtJl  <?kctrkaU 

applicatiocts.    There  h  MM*hrt  word.  **  ekctrisiltoffi,"  which  vi^  mi^t 

pediaps  niakc  itsc  of  instcicL     I  am  very  |>|ad  tb»t  Mr.  Mocdc^*  iK>tes 

the  fact  that  I  bat^  not  a.s<rd  the  word  **  F^vwfesdk^u.      I  v»nshLnt1y 

endeavour  to  do  withotii  that  vror6  and  to  teach  the  protcssion  not  to 

ii<e  it*     I  prefer  to  nsc  circuiiiIociitiQn,  ,iiid  speak  of  trcatJUciit  by  tfic 

coil,  and  treatment  by  tlie  cells,  and.  tl  pcJr>siMc.  ah^-ays  avoid  •*  jjsd- 

n4aitatioi}  *  and  *'  Far^disiition/'     There  h  ad*^  the  ward  ''  F^ 

tjofi/*  aiid  I  read  recent  Jy  in  a  French  jotimAt  the  word  DA- 

lion  I    General  Webber,  in   his  very  kindly  feniark^,  has*   pmcIicaUv 

r.Ti^*d  the  question  whether  electricity  is  related  to  vit;d  force.     Is  a 

nerve  impulse  an  electrical  impul:^  Y     No  doubl  one  can  litld  tracer 

€jf  electrical  action  whenever  :iny  chemical  or  other  chiin|»e  is  ^^nj* 

on,  but  whether  the  electrical  changes  observed  in  living  ne«\^*  and 

nin^cle  arc  mere  wastes,  or  whether  they  arc  of  essential  innxirtance 

1  cannot  say^     I  will  say  simply  this  keeping  closely  to  tacts,  that  I  he 

rate  at  which  a  nerve  impulse  travels  down  a  nerve  is  totaUy  diiCerent, 

til  order  of  magnitude,  from  the  nile  at  which  an  electrical  impuKi* 

passes  along  a  conductor,  and  that  ii  ncr^e  stimulated  by  an  electrical 

current    first    translates  thiil   electrical    nnpulse   into  a  nerv^e  impulse 

which  then  is  passed  on  to  the  musclt;  at  the  rate  at  which  impul>e^ 

tr;ivcl  along  nerves,  vxz.,  about  50  metres  per  second,  so  in  that  llierc  b 

no  superficial  connection,  so  far  as  I  can  see,  between  vital  force  and 

electricity.     To  go  deeper  iiito  the  queslian  involves  one  in  difticullieH 

which  I  would  prefer  this  eveenvig  not  lo  consitler.     The  question  of 

poLyisation  in  applications  of  dectricity  tu  the  body  whieh  Sir  Henry 

Mance  has  raised  is  a  Ihitig  winch  we  observe  continually  in  electrical 

applications.     I  was  interested  to  notice  that  he  describe<i  the  testing 

of  the  resistances  of  several  people,  one  a  Knropcan  and  the  others 

natives.     I  assume,  therefore,  it  was   in  some  hot  counli^,  and  it  in 

interesting  to  observe  that   the  European    had   the  lower  resistance, 

because  in  hot  ch mates  it  has  been   ohscrvecl  that  the  European  Is 

likely  to  perspire  more  than  the  native,  and  the  resistance  of  the  skin  ii* 

largely  a  question  of  moisture  or  dryness  of  the  surface. 

Professor  Ferry's  suggestion  that  the  body  is  an  electrical  inacUine 
I  am  not  qualitied  to  handle.  Witli  regard  to  Ciptain  HrctlS  rcmkuks, 
there  is  no  doubt  that  X-Rays  have  an  useful  therapeutic  cflcci  Uiit  only 
an  lupus  but  on  other  skin  diseases  j  but  I  fear  that  there  are  prac^ 
tical  di  faculties  in  the  way  of  his  i*uggestion  that  we  should  charge  our 
iiccumulators  with  a  bicycle* and  a  little  dynamo.  With  regard  to 
thermopiles,  I  was  sorry  that  the  Cox  thermopiles  disiijipeared  from 
commerce.  I  liad  great  hopes  that  there  w^as  something  there  winch 
would  be  tisefuJ  to  us,  but  I  have  had  no  opportunity  ui  us.it»g  one. 
There  is  also  some  uncertainty  as  to  the  life  of  thermopiles.  Htnv  Umvi^ 
do  thigy  Imil     VoQ  can  ^tiU  buy  in  this  country  a 
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to  charge  aii  jKCfiTOwbtor  of  looT  oeDs,  whiirh  i^  ibc  trpe  we  Okostlj  use. 

Hoa  <d  the  iqiparili»oii  tbc  table  i&  Genxsui-  Eoglisb  inilrEixiieiiU 
nakcTd  do  not  pax  mmk  attention  ta  elcdriad  medjcal  sppacr^tu^. 
A  doctor  bas  to  pnv  for  bb  Jipparatiis  out  of  hbi  earnings,  aod  hb 
posiboo  t$  cntmijr  iliffcriefit  frocD  iIliI  of  one  wbD  bo>^  far  a  piiblic 
oontpany  aail  can  aftvti  good  lliings.  £og|i:ili  instrument-m^ikef  s  can 
nakt:  line  iBOSt  bcaatifal  appamfttSif  bol  «re^  caooot  aifcrd  their  prices, 
Aod  tJbcr  are  aol  well  acqaaiiited  willi  our  reqairemeot:^.  We  lia%c 
thefcCorc  to  talEc  wlial  we  can  get«  and  we  can  buy  ready-made  Gernuua 
apparatt^  mod  tbose  we  a^  and  make  the  best  of.  Mr.  Trotter  has> 
^u^r^ed  the  alifffititiinni  cell  as  a  meaoi^  of  otitainiiig  direct  current 
(roni  altematiiig  akaiBSu  I  speixi  mych  time  one  summer  trying  to 
make  noe  wiiidi  wtmld  do  what  wa^  wanted,  but  it  seemed  unable  to 
work  aj^ainst  several  secondary  cells.  After  two  or  three  bours  a  pitting 
action  began  to  take  place,  the  aluminium  cell  became  hot.  ^md  in  the 
end  I  had  to  gire  up  the  attempt  I  could  not  make  it  work,  and 
although  long  papers  have  since  been  read  on  the  subject  1  fait  to  ^cc 
in  those  papers*  any  d^u-  statement  that  it  was  possible  witli  ihc, 
aluminium  cell  to  effect  the  particular  transformation  we  w-ant  I 
^oidd  l>e  glad  to  know  if  somebody  has  succcedoi  and  is  prepared 
to  sell  the  perfected  apparatus;  but  I  am  afraid  it  does  not  work. 
With  regard  to  the  question  asked  by  Mr*  Trotter  respecting  elec- 
trical applications  to  dispel  fatigyc,  1  liavi;  mentioned  a  new  paper  on 
the  subject  by  Prof.  Capriati,  a  physiologist  in  Italy,  which  has  been 
brought  out  with  ver)*  good  dynamo-metric  tracings  and  measure- 
ments* He  has  shown  that  electriCcd  stimulation^  that  is  to  say,  a 
constant  current  passed  along  Ihe  spine,  whether  up^^ards  or  do\%-n- 
wards^  increases  the  muscular  force  for  a  day  or  two  after  the  applica- 
tion, also  that  electrical  stimulus  apphed  to  the  nerves  and  muscles 
of  the  arms  does  the  same  thing  for  the  arms,  \\liether  it  is  a 
question  of  improved  circulation  or  whether  there  is  a  direct  effect 
upon  the  activity  of  the  ner\'e  cells  1  cannot  say,  but  that  there  is  a 
direct  refreshing  effect  ol  that  kind  in  stimulation  of  the  brain  and  the 
parts  around  the  brain,  and  the  upper  parts  of  the  spinal  cord  seems 
undoubted.  People  who  are  treated  for  other  things  will  sonietinies 
notice  an  improvement  in  their  gene  nil  health,  after  apphcations  to  tlie 
liead  and  neck,  which  is  quite  apart  from  the  object  which  is  desired 
in  their  treatment.  For  example,  one  has  sometimes  to  try  and  relieve 
some  kinds  of  deafness  by  electrical  applications  to  the  region  of  the 
auditory  ucrve^  One  pole  is  placed  in  front  of  thu  ears,  and  the  other 
pole  is  at  the  back  of  the  neck.  These  people,  even  if  they  get  no 
benefit  to  their  hearing  will  often  speak  quite  conlideutly  of  feeling 
art  improved  general  conditloii.  I  remember  souic  time  ago  being  told 
by  a  lady  that  she  had  felt  much  better  in  herself  after  ii  course  ol 
treatment  for  deafness,  and  that  in  spito  of  the  fact  that  the  deafness  - 
itself  was  no  better.  There  was  an  instance  where,  quite  unprompted 
and  unsuggcstedj  she  had  recognised  a  feeling  of  good  health  to  he 
associated  with  the  electrical  applications. 

Then  1  have  been  asked  what  we  want  to  measure  in  our  induction 
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coiJ  applications.    What  we  really  want  is  to  be  able,  in  teslingi  to   Dr. 

reproduce  to-morrow  the  conditions  of  a  test  applied  to-day.  Many  ^^'^J""' 
(actors  are  concerned  in  the  testing  of  nerve  and  muscle.  If  yon  arc 
trying  to  see  what  is  the  minimum  current  which  will  make  a  muscle 
contract,  you  will  get  different  results  and  different  minima  on  changing 
the  self-induction  of  your  circuit.  Self-induction  in  a  circuit  makes  a 
larger  cvirrcnt  necessary  for  the  minimum  stimulus.  That  self-induction 
clearly  would  act  by  slowly  retarding  the  rate  of  growth  of  the  curient. 
Therefore,  I  think  we  may  say  what  we  want  to  know  is  not  only  the 
\-alue  of  the  current,  but  the  shape  of  the  curve  of  its  rise  and  fall. 

No  one  has  given  me  exactly  v%'hat  I  wanted  with  regard  to  the 
condenser  to  replace  the  induction  coil  for  testing  purposes.  I  h:ive  a 
notion  that  given  a  condenser  of  known  capacity  charged  to  a  known 
voltage,  the  curve  of  discharge  could  be  plotted  for  different  conditions 
of  external  resistance  for  which  it  is  discharged,  so  that  hy  its  means 
wc  could  reproduce  exactly  the  condition*^  of  any  previous  test.  1 
would  have  liked  to  hear  somethinjT  on  that  point  ;  and  also  as  to  the 
modifications  in  that  curve  which  arc  produced  by  increases  or 
decreases  iji  the  resistance  through  which  it  is  discharged  ;  for 
cxampli:,  where  the  external  circuit  is  of  i,ooo  or  2»(X)0,  or  4,000  ohms, 
also  whether  by  raising  the  voltage,  and  using  a  5^  ma  Her  condenser  to 
match,  one  could  diminish  the  differences  in  the  shape  of  the  dis- 
charge curves  w*hich  w^ere  produced  by  differences  in  the  resistances. 

The  Presjdent  :  I  have  jiqw  to  move  a  hearty  vote  of  thanks  to  Tl>e 
Dr.  Jones  for  his  paper.     Personally  I  think  w^e  have  had  one  of  the  *'^^«i^"^* 
most  interesting  discussions  of  the  whole  Session. 

The  vote  was  carried  by  acclamation. 

The  President  announced  that  the  scrutineers  reported  the 
following  candidates  to  have  been  duly  elected  : — 

Members : 
Herbert  Edward  Neville  Appel-  |       William  Benison  Hird,  B.A. 
bee. 


James  Coats, 


1       Matthew  McAulev  (iillespie. 
(ierakl  Hart  Jackson* 


AssociiUt'^ : 


AUan  Falkuer  Beiich. 
Walter  Bryan  Cheetham. 
Henry  Lewis  Jones,  M.D, 
William  James  Albert  London. 
Robert  Burns  Maccall 


Sarsfield  William  Martyn. 
Cecil  Nathan. 
K.  Grey  Scott, 
James  F^oyd  Shield. 
William  V^'allacc, 


Alfred  Tufnell  Yates, 


Edward  Ciirter. 
Richard  Vincent  Lynn, 
Danc^n  Rcid. 


Studcnh  : 

Fitzroy  Owen  Jonathan  Roose. 
William  Stewart  Ross. 
C  har  I  e  s  Per  civ  a\  T  oiv^e . 


Arthur  Cknmi&Dt  Wihnot, 
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'ii':  ■.•;,-•  ^*  ■•■;.: :h  ^.i-i-.f-irLii:  co'ii*::  "t-.A  rEte  circuit  by 
fa*:  r.  ,  r.i  .  rr^.Ti-r  !r.v'/.vr<  LiTLc  :=•  no  nsk  ot  !?erious 
■^^'/'.<k^  ;«;.'i  V  'vr.i-ih  thr  rettcr  cIi!?:^  of  irL^iiLiiing  iirL&terials 
ar^'I    -/:>:.   or    ^ir.-p-iratiis  ^-hich   hive   rvet-n   viev>fU>ped   tor 

\\'\*\i  ^h":  oriormo!!-^  ;4ro'.v:h  •:•:  the  deaLind  tor  electric 
':;j':r;{y,  uri'^i  -h':  ever-A-rferiin^  area  over  which  it  appears, 
th':  \uf,Tc/'i,/:  <A  pr^-iurc  -vas  inevitable,  ur.Iess  stations  were 
put  /lo'A'M  ;»?  f.*';  ^M  ::»l  intervals  all  over  the  city,  or  some 
.yvf':.'ri  of  li:;4h -pressure  distribution  with  iransloriiiing 
;i|>j/aratu-.  xa^  adopt'jrl.  For  the  reasons  already  given 
'v  iriay,  I  think,  rc;4ard  the  pressure  now  adopted  as  final 
a!  any  rate  durin;^  the  era  of  the  present  t\"p>es  of 
coM'jnnin;^  rlevice-* — and  I  take  this  late  opportunity^'  of 
<;on^iatiilatin^  Mr.  Chainen  on  having  gone  the  full  length 
(A  the  tioard  of  Trade  tether  in  determining  the  pressure 
for  the  new  supply  stations  for  Glasgow,  and  of  wishing 
liini  safe  and  speedy  relief  from  the  great  and  almost 
innumerable  difliculties  which  the  change  of  pressure 
over  an  already  large  system  involves. 

When  inpandescence  lamps  were  first  introduced,  they 
were  generally  adapted  for  a  pressure  of  about  50  volts  ; 
and  two  or  more  run  in  series  according  to  the  voltage  of 
the  circuit.     In  order  to  be  able  to  turn  out  single  lamps, 
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it  W'as  necessary  to  provide  alternative  resistances  to  waste 
the  energy  which  would  be  consumed  by  the  lamps  U 
burning,  and  keep  the  pressure  on  the  other  lamps  constant. 
The  adoption  of  250  volts  as  the  pressure  of  supply  for 
private  consumers  has  landed  ns  in  the  same  difficulty  with 
regard  to  arc  lamps.  With  loo-voU  supply  difficulty  existed, 
but  to  a  jnuch  smaller  degree  ;  en  closed-type  arcs  burning 
singly  across  loo-volt  circuits  were  a  satisfactory  solution 
of  the  problem  as  regards  the  convenience  of  having  every 
lamp  independent  of  the  remainder,  and  though  the  energy 
consumed  for  a  given  result  as  regards  actual  illumination 
is  much  greater  in  the  loo-volt  en  closed- type  arc  as  com- 
pared with  thii  ordinary  open-type,  yet  the  practical  effect 
with  the  Too-volt  enclosed-type  is  often  quite  satisfactory. 
Moreover  the  enclosed-type  lamp^  have  the  great  advantage 
of  burning  about  twenty  times  as  long  (more  or  less)  as 
^  those  of  the  open-type  with  one  supply  of  carbons. 

With  the  loo-volt  supply,  when  open-type  lamps  were 
preferred,  they  could  be  run  two  in  series,  and  if  one  only 
was  used  with  a  resistance  in  series  the  waste  of  energy  was 
only  50  per  cent. 

But  when  we  come  to  250  volts,  the  conditions  of  arc- 
lighting  must  he  described  as  extremely  awkward  and 
unsatisfactory*  It  is  true  that  enclosed-type  lamps  are  to 
be  had  which  burn  singly  across  a  250-voll  circuit,  but 
any  which  have  come  under  ray  observation  so  far  must 
be  described  as  mere  apulogies  for  arc-lamps,  the  energy 
consumed  being  very  great  for  the  amount  of  light  given 
out,  and  the  colour  of  the  light  being  unsatisfactory. 

We  must  therefore  use  two  enclosed  lamps  across  250 
volts,  and  put  up  with  a  50  per  cent,  loss  if  we  only  wish 
to  burn  one;  or  if  we  wish  open-type  lamps,  we  must 
consume  energy  sufficient  for  four  or  five  lamps  or  multi- 
ples of  those  numbers,  wasting  the  difference  bctweejT  this 
and  the  energy  really  required  for  useful  lamps.  In  fact, 
wnth  arc-lights  the  consumer  is  deprived  of  the  power  of 
economising  by  turning  off  lamps  not  actually  required, 
or  turning  ''on"  only  when  required,  and  the  exercise  of 
this  power  of  control  in  incandescence  lighting  experience 
has  shown  to  be  the  very  essence  of  economyi 

At  this  point  it  will  be  convenient  to  say  something 
about  the  relative  merits  as  regards  light- gvvm^  t\\\?!C\<\c'^ 
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of  open-  and  enclosecl-t3rpc  arc-lamps,  Thb  I  am  able  la 
do  ill  a  more  definite  way  than  I  could  otherwise  have 
done,  owing  to  the  idndnass  ol  Mr.  Chamen  in  allowing 
nic  to  make  some  comparative  observations  at  the  arc-lamp 
tcsting-shopp  Port  Dtindas,  and  in  making  which  I  had  the 
adt'anlage  of  Mr*  l^ckie's  co-operation.  ComparisQns  were 
made  betw^een  50-volt  open-t\*pe  arcs^  loo-volt  enclosed- 
type,  250- volt  enclost!d-typep  and  groups  of  incandescence 
lanipsp  all  consuming  approximately  the  same  amount  of 
energy^  The  lamps  compared  were  fitted  ^ith  opalescent 
globes  «iiich  as  are  used  in  the  great  majority  of  lamps  in 
use  throughout  the  city,  the  enclosed -types  being  fitted 
mith  obscured  inner  and  outer  globes,  and  the  open- type 
with  a  glol>e  such  as  is  used  in  the  street  lamps  ;  thus  the 
comparison  is  11  simple  practical  one.  No  attempt  was 
made  to  measure  actual  candle-power,  but  the  10-ampere 
apen-lype  arc  with  opalescent  globe  was  taken  as  the 
!£tandard  of  comparison,  and  the  light  given  by  the  others 
is  stated  in  terms  of  that  given  by  the  lo-ampere  open- 
type  lamp. 

Two  methods  of  comparison  were  used ;  tlie  grease- 
spot  and  the  shadow  methods,  the  light  being  taken  as 
proportional  to  the  square  of  the  distances— in  the  one 
case  between  each  source  and  the  point  where  the  grease- 
spot  became  innsible,  or  nearly  so,  and  the  other  to  the 
square  of  the  distances  between  each  source  and  a  pencil 
throwing  shadow^s  of  equal  intensities  *  the  results  are  given 
in  Table  1. 

TABLE  I, 


OpcD-typc 
Are. 

KnclcH»«l-tvpe  Afica, 

Inc^niieicciiU  Ci^^'  lAWi^>, 

nhm$, 
CxtoAmpi 
Watt^SffJ 

S-K.^ia 

W:*tta=^S*e 

single, 

€  -  J75 
Amp*. 

Watts=c«o 

C=4'4Aiiipi. 

Watts      WatU 

^flDO        «  50a. 

Watt* 

Wall* 

Relative 
Luminosity 

Do,,    do. 

t 
3-25 

0475 

154 

0*1 

0-68 

I 

07s 

0333 

1 07 1 

Note  :  Voltages  acrosi  lamps  and  resistances =250. 
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From  the  above  table  it  appears  that  opeii-tjpe  arcs  of 
the  sizes  mentioned  are  twice  as  effective  as  enclosed-type, 
and  3}  times  as  effective  as  groups  of  new  incandeMreiit 
clear-globe  lamps.  It  is  true  that^  owng  mainly  to  the 
greater  time  which  enclosed  lamps  will  burn  with  one 
trimming,  they  are  sometimes  to  be  preferred,  and  are  in 
fact  in  considerable  demand  by  the  public,  but  I  question 
very  much  whether  their  popularity  would  be  anything 
like  what  it  is  if  open*t)*pe  lamps  could  be  used  in  single 
parallel  or  even  two  in  series,  and  the  public  was  informed 
of  the  fact  that  something  like  twice  the  amount  of  light 
w^as  to  be  had  from  open-type  lamps  for  the  s;inie  cost  for 
electricity.  Of  course,  when  the  consumer  is  told  that  if 
he  has  open-type  lamps  he  must  have  four  or  five  in  series 
and  that  he  cannot  control  them  singly— at  any  rate  without 
having  to  pay  for  energy  for  all,  and  when  this  state  of 
nmtters  is  compared  with  only  two  enclosed  arcst  in  series, 
coupled  with  the  advantage  as  reg^irds  duration  of  carbons, 
he  is  most  likely  to  decide  in  favour  of  enclosed  lamps. 

I  will  now^  enumerate  the  disadvantages  of  the  250-volt 
supply  from  the  arc -lamp  users'  point  of  view,  and  after- 
wards describe  some  means  of  mitigating  them  as  far  as 
possible.    And  first : — 

Open-type  Arcs. — 1.  Not  fewer  than  four  or  five  lamp^* 
can  be  fixed,  and  greater  numbers  must  be  multiples  of 
these  numbers,  or  if  less  numbers  arc  fixed  the  energy 
consumed  must  be  equal  to  that  required  for  four  or  five, 
or  for  multiples  of  four  or  five  }  thus  if  there  are  five  Inmps 
in  series,  five  will  have  to  be  turned  on,  though  only  one 
is  really  necessary,  and  if  six  are  necessary  ten  will  have  to 
be  turned  on. 

a.  With  four  or  five  lamps  in  series  the  disturbance  due 
to  one  faulty  lamp  affects  all  the  others  on  the  circuit  j 
hence  flickerings  and  irregularities  will  be  four  or  five  times 
as  frequent  on  the  average  as  would  be  the  case  if  each 
lamp  were  independent. 

3,  All  lamps  in  one  circuit  must  be  of  the  same  sixe; 
that  iS|  must  take  the  same  current, 

Enclgsed^type*  —  The  three  disadvantages  described 
above  with  regard  to  open-type  apply  in  a  greatly  diminished 
degree  to  enclosed-type ;  but,  on  the  other  hand,  \\ii^  vc\b?j 
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be  SNiid  to  be  nearly  ur  quite  counterbalanced  by  the  smaller 
amount  of  light  produced  by  a  given  expenditure  of  energy. 
There  is  the  further  disadvantage  in  many  cases  of  inferiority 
of  colour. 

Now  I  come  to  the  means  a\^iable  for  mitigating  these 
disadvantages,  but  first  1  remark  that : — 

The  ^so-volt  enclosed  arc  would  meet  all  the  difficulties 
if  it  only  did  not  lack  the  essential  quality  of  gi\*ing  light| 
but  seeing  that  it  only  gives  about  one-third  as  much  as  a 
group  of  incandescents  and  one-tenth  as  much  as  an  open- 
type  arc  consuming  energ>*  at  the  same  rate,  it  may  be 
dismissed  at  once  as  unsatisfactory  ;  also 

Multiple-carbon  lamps  capable  of  burning  satisfactorily 
with  a  sufficiently  small  current  would  also  meet  all  Ihe 
difficulties,  but  unfortunately  they  are  not  lu  the  market. 

Where  a  sufficient  number  of  lamps  is  required  two 
niode^  of  meeting  the  difficulties  present  themselves— first 
the  obvious  one  of  using  a  continuous-current  step-down 
transformer  to  change  the  supply  pressure  from  250  volts 
to  a  suitable  one  for  burning  lamps  in  single  parallel,  and^ 
second,  the  use  uf  an  arrangement  which  1  have  devised, 
but  not  so  far  put  into  practice.  This  arrangement  com- 
prises the  use  of  what  I  call  a  ''ganger*'  switchboard.  It 
is  very  simple.  You  run  a  separate  pair  of  cables  to  every 
lamp  J  bringing  the  ends  to  a  convenient  spot  and  termina- 
ting them  in  a  suitable  double-plug  connection.  Within 
reach  of  these  connectors  are  rows  of  contact  blocks  or 
springs  arranged  four  or  five  in  series,  as  the  case  may  be ; 
four  or  five  additional  plugs  are  provided,  which  are  con- 
nected to  resistance  coils  each  suitable  for  replacing  one 
lamp.  The  lamps  wanted  are  plugged  into  circuit  as 
required,  filling  up  the  groups  of  contacts  in  succession, 
the  resistance  plugs  being  used  to  complete  the  series 
circuits. 

With  a  large  number  of  Hghts  distributed  throughout 
a  warehouse,  for  example,  the  number  of  circuits  turned 
on  will  be  the  minimum  possible  for  the  number  of  lights 
in  use,  and  consequently  this  system  would  ensure  the 
greatest  economy  possible  in  a  series  system  as  regards 
consumption  of  electricity- 
Its  disadvantages  are  r— 

I,    Meao^  of    isigitalling  to   the   switchboard,  such   as 
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speaking  tubes,  bells  or  telephones,  must  be  provided  at 
convenient  points,  and  some  person  at  or  near  the  switch- 
board must  be  charged  with  the  duty  of  plugging  lamps 
in  or  taking  them  out  as  required* 

2.  All  the  lamps  must  be  of  the  same  size,  and  must  be 
adjusted  to  work  one  with  the  other  in  any  combination. 
(At  present  lamps  intended  to  burn  in  a  series  ?ire  adjusted 
together^  and  marked  so  that  they  may  be  kept  together*) 

This  ganger  switchboard  arrangement  is  not  entirely 
novel  ;  something  of  the  same  kind  has  been  in  use  for 
some  years  by  the  Midland  Railway  Company,  at  St* 
Pancras,  where  circuits  of  forty  or  more  lamps  in  series 
are  built  np  of  groups  of  lamps  by  means  of  a  plug  switch- 
board. The  arrangement  was,  I  believe,  originated  by  my 
brother,  Mr.  J,  Sayers,  under  the  superintendence  of  the 
Midland  Railway  Company  s  chief  electrical  engineer,  Mr. 
W*  E.  Langdon, 

The  best,  and  indeed  I  think  the  only  really  satisfactory 
mode  uf  dealing  with  the  question — where  the  number  of 
lamps  required  warrants  it,— is  the  use  of  a  step-down 
transformer  giving  on  the  generator  side  a  pressure  suitable 
for  working  the  lamps  in  single  parallel.  This  presents  the 
following  advantages  : — 

Lamps  may  be  turned  on  or  off  as  needed,  thus  bringing 
arc- lamps  into  line  with  incandescence  lamps  as  regards 
independent  control  and  consequent  economy. 

The  size  of  each  lamp  may  be  fixed  with  reference  to 
the  particular  area  it  is  required  to  light. 

The  number  of  lamps  fixed  will  be  just  as  many  as  are 
required — neither  more  or  less,  and  obviously  one  or  more 
tamps  may  be  added  or  taken  out,  as  compared  with  the 
necessity  for  adding  or  deducting  a  circuit  of  four  or  five. 

The  voltage  across  the  lamp  terminals  may  be  adjusted 
to  give  the  l")est  possible  results,  instead  of  being  controlled 
by  the  necessity  for  burning  a  certain  number  in  series 
across  a  circuit  not  specially  designed  for  arc-lamps« 

The  disadvantages  of  the  transformer  are  obvious ; 
namely  the  first  cost,  and  the  waste  of  power  in  the 
transformer*  These  two  disadvantages,  however,  in  my 
opinion^  by  no  means  counterbalance  the  advantages 
enumerated  above  ;  but  with  regard  to  the  waste  oi  \>q>n^i, 
I    suggest  that  this  might  fairly  be   born  by  l\\e  Svip\\^ 
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arc4aiiqii»  fbej  dMiiild  nol  ncet  him  by  patting  tfieir  meter 
oo  the  Io«^4eiisioii  «!&  Companies  and  Corporations  mmg 
i^^*prcs5ure  diSbribiiting  sysUsExs  always  pot  their  met^s 
oo  the  lo«r*prc95iine  wle  and  «Jiarge  only  tor  the  iisefitl 
cinrenl. 

The  arc- lamp  tiansformer  urooM  ootj  he  turned  on 
when  lamps  were  actually  required,  instep  ol  wastiitg 
power  tfaroogliotit  the  twenty-four  hours^  as  is  the  case 
io  high-tension  altemating-*cuiTent  systems. 

Wlien  a  stepnlown  transformer  is  used,  a  veay  important 
question  is :  What  is  the  best  voltage  to  adopt  for  aroi  in 
single  parallel  ?  in  considering  this  question,  it  occiured  to 
me  that  notu  ithstandii^  the  fact  that  the  \iolts^  required 
across  one  arc  to  give  the  best  results  is  pretty  narrowly 
defined,  yet  those  engaged  in  the  development  of  the  modem 
arc4amp  have  no  doubt  been  influenced  to  a  certain  d^ree 
by  the  necessity  for  producing  lamps  which  would  burn 
two  in  s^es  on  loo-volt  circuits^  and  that,  if  arc- lamp 
makers  had  a  perfectly  free  hand  as  regards  the  voltage 
they  could  have  across  the  lamp  lerminalsy  they  might 
prefer  to  adjust  their  tamps  for  a  somewhat  higher 
voltage  across  the  arc  than  that  commonly  adopted,  and 
to  use  a  little  more  steadying  r^tstanc^  than  is  absolutely 
indispensable. 

Accordingly  1  have  asked  several  of  the  leading  makers 
and  users  of  arc -lamps  to  favour  me  by  replying  to  a  set 
of  questions,  with  liberty  to  make  use  of  the  information 
they  give  in  this  paper • 

The  questions  were  replied  to  categorically  by  one 
maker  only,  the  Brockie-Pell^  the  other  firms  and  companies 
irintf  jal^mif^f-^" '-^  their  own  way,  and  1  prefer 
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to  give  the  information  in  the  fonn  in  which  I  received  it« 
The  tjuestions  submitted  in  each  case  were  those  answered 
by  the  Brockie-Pell  Company  : — 

Brockie-Pell  Arc  Lamp. 

Q.  (i)  Ultat  I'olhigts  would  you   use  by  preference   for 
open 'type  arcs  of  S^  lo,  15,  attd  20  amperes  respectively? 


ns. — 

8  Amp. 

10  Amp. 

15  Amp. 

20  Amp. 

42^-44^     . 

..   42^-44^  . 

••    43^-45^    . 

.    45^-47' 

Q.  (2)   Ultat  would  you  consider  the  BEST  PRESSURE  for 
open-type  arcs  in  single  parallel,  having  regard  to — 

(a)  Steadiness. 

(b)  Effectiveness ;  that  is,  useful  light  for  poxcer  con- 

sumed. 

(c)  Colour. 


Am. — 

8  Amp. 

10  Amp. 

15  Amp. 

20  Amp. 

(a)  60- -65V     . 

..     60^-65*-     . 

..     60^-65^'     . 

..     65V -70^ 

(b)  50'' -55''     • 

••     50'- 55"     • 

..     55''-6o''     . 

..     60^-65* 

(c)  60^-65-     . 

..     60'^ -65^      . 

..     60'' -65*     . 

..     65V -70" 

Q.  (3)  What  voltage  zvould  you  use  across  the  arc  in  each 
case,  or  how  much  resistance  would  you  put  in  circuit  tvith 
each  8,  10,  15  and  20  ampere  arc  respectively  f 


Ans. — 

8  Amp. 

10  Amp. 

15  Amp. 

20  Amp. 

(a)  42^-44"     • 

..     42V -44V     . 

••    43" -45"     • 

•■    45" -47" 

(6)  42" -44'     . 

..     42" -44"     • 

••    43" -45"     • 

••    45" -47" 

(c)44v-47v     . 

..     48" -48"     . 

••    46" -49"     ■ 

..    48" -52'' 

Crompton  &  Co.,  Limited. 

"P.  (i)  We  find,  from  long  experience,  that  about  50  volts 
should  be  allowed  for  each  arc-lamp.  We  do  not  think 
there  is  much  difference  between  two  lamps  in  series  on 
100  to  110  volts,  or  four  in  series  on  200  to  220  volts.  Five 
in  series  will  run  quite  well  on  250  volts,  and  \tv  lacV  >«^ 
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have  lamps  running  five  in  series  on  235  volts,  but  this 
latter  is  cutting  things  rather  too  fine.  We  have  also  lamps 
running  10  in  series  on  460  volts,  and  they  are  behaving 
very  well,  but  it  is  necessary-  to  use  a  starting  resistance 
in  order  to  avoid  violent  pumping  when  the  lamps  are 
switched  on.  The  necessary  volts  per  lamp  for  steady 
running  slightly  decreases  as  the  number  of  lamps  in  series 
is  increased,  but  it  is  a  \ery  safe  rule  to  assume  that  50 
volts  are  required  per  lamp. 

"p.  .'2)  For  lamps  in  single  parallel. 

*'  (^')  55  ^olts  is  the  lowest  circuit  pressure  we  could 
recommend  for  steady  burning. 

'*(/))  The  above  pressure  also  gives  best  efficiency, 
that  is  useful  light  for  power  consumed. 

"(i)  The  colour  is  affected  by  the  length  of  the  arc, 
and  it  is  found  that  the  light  is  at  its  best  when 
lamps  are  adjusted  to  take  about  43  volts  across 
the  arc.  The  colour  becomes  tinted  with  purple 
or  violet  if  the  volts  at  the  arc  are  raised  from 
45  to  50  volts.  A  few  years  ago  lamps  were  run 
with  50  volts  across  the  arc,  which  resulted  in 
unsteady  burning  and  also  a  more  or  less  coloured 
light. 

"  If  50  volts  are  used  at  the  arc,  55  would  be  too  little 
for  the  circuit  volts.  These  should  be  raised  to 
some  60  to  65  ;  but  we  do  not  think  that  this  is 
ever  done  now,  at  least  not  in  the  United 
Kingdom. 

''P-  (3)  We  adjust  all  our  lamps,  8,  15,  and  20  amperes, 
so  that  they  will  burn  with  from  42  to  44  volts  across 
each  arc.     We  recognise  43  as  the  figure." 

Thk  Gkneral  Electric  Co.,  Limited. 

"p.  (i)  We  prefer  using  42  volts  for  all  arcs  from  8  to 
20  amperes. 

**Q.  (2)  The  best  line  pressure  for  lamps  in  single  parallel 
we  consider  to  be  55  volts  for  8-ampere  arcs,  50  volts  for 
20-ampere  arcs,  allowing  proportionate  voltages  for  inter- 
mediate currents. 

''  Our  answers  to  Nos.  1  and  2  also  answer  No.  3." 
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Messrs.  P.  R.  Jackson  &  Co.,  Limited, 

"The  best  pressure  for  our  direct-current  'Jackson- 
Mensing'  arc-lamps  with  any  current,  and  havijtg  regard 
to  either  stead iness,  eflFectiveness,  or  colour,  is  38  volts. 
The  amount  of  resistance  required  in  circuit  depends  on 
the  voltage  of  supply.  We  do  not  quite  understand  your 
first  query,  but  may  say  tliat  the  greater  the  voltage  and  the 
more  lamps  run  in  series,  the  better  the  burning  of  our 
lamps/' 


ptridmp  hour  wMft  i^ifJ^  jmObH^oI  fti 


9    to  a    f£  fS    U  0  /ft  77  m   i3  SC£i  £t^  «4*9 

fO  Amp.  lAmpa  A  in  series. 
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Mh.  Langdon's  Experience, 

I  can  certainly  say  without  hesitation  that  42  volts  is 
a  very  uneconomical  pressure  for  arc-lamps* 

*'  If  you  can  get  carbons  that  do  not  flare,  you  can 
work  up  to  certainly  50  volts  with  a  production  of  light 
greater  than  the  proportional  increase  of  volts, 

"  In  practice,  however,  we  find  46  to  48  volts  to  be  the 
best  volts  to  maintain  across  our  arcs* 

"There  is  another  disadvantage  in  using  such  a  low 
voltage  arc  as  42,  in  that  a  compat  atively  small  irregularity 
in  the  feed  puts  the  lamp  nearly  out, 

"  1  think  that  47-voU,  lo-ampere  arcs  about  the  best  unit 
that  can  be  adopted. 

*'With  our  2 TO- volt  circuit  we  burn  four  suc\\  \uu\v^^  \v\ 
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series  with  from  two  to  three  ohms  in  circuit,  according  to 
the  distance  the  lamps  are  away  from  the  feeding  point." 

Fiji.  I- — The  curve  A  shows  the  units  per  hour  consumed 
as  successive  circuits  of  5-10-ampere  lamps  in  series  are 
turned  on.  The  curve  B  shows  the  maximum  B.o.T.  units 
per  lamp-hour;  e,g,,  one  lamp  only  is  required,  but  five  have 
to  be  turned  on  ;  or  two  lamps  are  necessary  and  they  are 
on  different  circuits,  so  that  ten  lamps  must  be  turned  on — 
thus  the  consumption  is  at  the  rate  of  2^  B.o.T.  units  per 
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lamp.  The  curve  C  gives  the  B.o.T.  units  per  lamp-hour 
if  the  circuits  turned  on  is  the  minimum  possible  for 
number  of  lamps  required.  This  is  obviously  possible  only 
with  the  "  ganger  "  switchboard,  or  some  equivalent  arrange- 
ment. The  curve  D  shows  the  average  B.o.T.  units  per 
hour  for  500-watt  lamps  with  the  ganger  switchboard. 

With  a  simple  five  in  series  distribution  the  average  B.o.T. 
units  per  lamp-hour  will  lie  between  the  curve  B  and  the 
curve  C,  i.e.,  between  2-5  and  '68  (taking  a  maximum  of 
25  lamps),  and  will  be  nearer  the  higher  or  the  lower  figure 
according  to  the  degree  to  which  it  may  or  may  not  be 
practicable  to  so  arrange  the  lamp  circuits  that  those  lamps 
recjuired  at  the  same  time  are  upon  the  sj^me  circuits. 
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Fig.  2, — The  cunre  E  >hLiw>  B.O.T.  units  per  hour  taken  by 
the  primary  oi  a  <ep-doTr:i  Trjuisiomier  coupled  on  primary 
side  to  5oo-voli  >uppiy  aiid  having  a  ratio  i  to  S  ;  F  shows 
B.O.T.  units  per  lamp-hour  (absorbed  on  primary  side)  for 
625-watt  lamps,  and  G  for  500-watt  lamps, 

H  is  the  average  for  <>25-\vatt  lamps. 

I  is  the  average  for  5oc>-\vatt  lamps. 
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INAUGURAL  ADDRESS   BY  THE   CHAIRMAN. 

Delivered  February  22,  igoo,  by 

Professor  G.   F.  Fitzgerald,  F.R.S. 


THK  APPLICATIONS  OF  SCIENCE— A  LESSON   FROM  THE 
NINETEENTH   CENTURY. 

I  FEEL  very  much  honoured  by  having  been  placed  in 
the  position  I  now  occupy  and  by  having  to  deliver  this 
opening  address  to  the  Dublin  Branch  of  the  Institution 
of  Electrical  Engineers.  I  believe  that  we  are  one  of  the 
first  of  the  branches  that  has  developed  into  the  meeting 
stage  of  our  existence,  and  may  congratulate  ourselves  on 
having  passed  through  our  larval  transformations  safely 
and  rapidly  and  on  our  having  been  the  first  to  emerge 
into  an  imago. 

The  action  of  the  parent  Institution  in  founding  these 
local  branches  is  worthy  of  our  grateful  commendation. 
We  are  left  perfectly  free  to  develop  our  own  life  un- 
trammelled by  any  rules  except  such  as  we  would  ourselves 
have  necessarily  chosen  to  govern  our  actions.  We  have 
the  great  advantage  of  being  a  branch  of  a  most  distin- 
guished Institution  of  wide  world  reputation,  and  that 
without  paying  any  extra  subscription.  I  hope  that  we 
will  add  to  the  life  and  work  of  that  Institution,  and  thereby 
promote  both  our  own  interests  and  the  welfare  of  mankind. 
Papers  and  discussions  here  will  be  taken  as  delivered  to 
the  Institution  of  Electrical  Engineers,  and,  if  of  sufficient 
merit,  will  be  published  in  its  Proceedings,  thus  securing 
to  us  a  wide  world  publication,  while  at  the  same  time 
ensuring  that  Ireland  is  credited  with  the  work  done.  Why, 
for  example,  should  the  long-expected  account  of  the 
pioneer  electric  railway  at  the  Giant's  Causeway  be  sent  to 
London  to  be  read  and  discussed  :  it  can  now  come  here, 
to  Ireland,  where  the  work  was  done,  we  can  discuss  its 
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lessons,  and  if  we  perform  our  duties  well  the  account  of 
this  great  Irish  work  will  be  sent  all  over  the  world  by  our 
powerful  parent  Society. 

It  is  one  of  the  banes  of  scientific  publication  Uiat  there 
are  so  many  diflferent  scientific  publications.  One  must 
look  here^  there,  and  everywhere  for  what  has  been 
pubHshed.  We  are  not  going  to  add  to  this  most  serious 
and  growing  evih  By  the  patriotism  of  the  parent  Institu- 
tion we  need  not  start  a  local  pubh cation  in  order  to  secure 
credit  for  Irish  work,  done  here,  read  here,  discussed  here. 
We  can  get  all  this  credit  and  secure  the  ad\^ntage  of  local 
interest  and  at  the  same  time  avoid  adding  to  a  serious  and 
growing  evil.  Thus  this  action  oC  the  Institution  will  be 
*'  ,  *  ,  twice  blessed  J  blessing  him  that  gives  and  htm  that 
takes." 

The  history  of  electricity  in  the  nineteenth  century  is 
far  too  large  a  subject  for  an  occasion  like  the  present  one, 
but  certain  aspects  of  this  history  convey  valuable  lessons 
for  the  future  and  may  well  engage  our  attention  in  this 
the  last  year  of  the  century  and  may  help  us  to  lay  the 
foundations  for  further  advance  in  the  next.  The  aspect 
of  the  history  of  electricity  during  the  nineteenth  century 
to  which  I  desire  to  direct  your  attention  is  as  an  object 
lesson  of  how  to  apply  science  to  further  the  well-being 
of  mankind.  The  history  of  any  applied  science  might 
be  considered  in  this  aspect,  but  the  history  of  applied 
electricity'  is  particularly  appropriate  for  being  thus  con- 
sideredj  for  several  reasons.  The  history  is  condensed 
within  a  few  years,  the  discoveries  of  science  have  followed 
one  another  with  extraordinaiy  rapidity,  and  within  a  few- 
years  after  the  discoveries  were  made  they  have  been 
applied  to  the  use  of  man.  It  is  just  a  hundred  years 
since  V'olta  discovered  how  to  make  continuous  electric 
currents.  Within  a  few  years  of  that  discovery  their 
chemical  actions  were  discovered  and  electric  lights  pro- 
duced,  both  arc  and  incandescenti  Twenty  years  after- 
wards the  magnetic  effect  of  an  electric  current  was 
discovered  by  CErsted^  its  mathematical  theorj'  evolved  by 
Ampere,  and  the  law  of  its  intensity  w^orked  out  by  Ohm. 
Some  fifteen  years  afterwards  Faraday  discovered  how  to 
produce  electric  currents  by  magnetism*  Immediately  after 
the  discovery  of  the  principle  of  the  conservaXvou  o^  ^v^'£t'£5 


ii~  aiifimiiicsftl 
^pnpttHes  m  Ae  cAer;  9t»  tm:  mm  moff/-  hope  to  opbia 
roHtsa^netoni  opoo  flie  djnoBic^  princtpks  of  New 
ilofi's  bws  williovil  unuiuug  an^  utter  pmic.iplfs  ttaa  Aos& 
:pI  force  and  incrtbp  as  exponndcil  in  Acse  fa»&    Until, 
however,  a  lalblactofT  tfieoiy  of  tbe  oatnre  o€  the  ether 
hx^  been  actual^  tims^ed,  there  will  lemoin  some  doubt 
M  to  the  adequacy  of  liicse  fnrtrtaimental  djmaiiikai  laws 
to  explatn  M  tt%  properties.    The  dtrecttoD  in  whkh  it  is 
mo%t  probable  that  an  explanation  will  be  founc!  b  in  the 
hypo1he9i<i   that   the  ether  is  of  the  nature  of  a  perfect 
Itquiil  lull  of  the  most  energetic  motion.    We  know  that 
on<it«ifat  of  separate  molecules  in  intensely  energetic 
i/  motion,     I  expect  llial  the  ether  Is  a  perfect  liquid 
fit  tnteiiMcly  energetic  irregular  motion  ;  much  more  rapid 
thitpi  Ilia!  of  any  gasr  with  a  rapidity  of   interna!  motion 
'cnrnpanibic  with  thtr  Hpeed  of  light:   maybe  with  enough 
energy  in  each  cubic  centimeter  to  keep  hundreds  of  horse- 
power Koni^  fnr  a  yt*;ir,  if  only  we  could  get  at  it.    So  far 
m  i\m  liyfiuthi^Hjt*  has  lieen  worked  at  there  ^eems  nothing 
lnvpt)!MiiHle  nhoiit  jI,  Init,  on  Ihe  contrarvr  much  possibihty 
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in  it,  and,  to  my  mind,  its  inherent  simplicity  confers  on 
it  a  great  probability. 

Be  that  as  it  may,  we  now  know  that  in  tlie  electric 
lighting  of  our  cities^  in  electric  tramways  and  railways, 
in  electric  furnaces  and  clectrulytic  vats,  and  in  the  other 
innumerable  applications  of  electricity,  we  are  harnessing 
the  all- pervading  ether  to  the  chariot  of  human  progress 
and  using  the  thunderbolt  of  Jove  to  advance  the  material 
welfare  of  mankind* 

Having  thus  shortly  considered  the  progress  of  electrical 
science,  the  history  of  the  iippikalions  of  electricity  may 
be  thus  summarised.  Shortly  after  CErsted  discovered  the 
magnetic  effect  of  an  electric  current  this  discovery  was 
applied  to  telegraphy,  and  Faraday's  discovery  of  how  to 
generate  electric  currents  by  magnetism  was  almost  im- 
mediately applied  to  the  same  use.  Telegraphy  developed 
rapidly,  and  many  subsequent  discoveries  were  due  to  the 
observations  made  in  the  practical  application  of  electricity 
to  telegraphy.  This  has  been  developing  ever  since, 
accumulating  knowledge  and  applying  the  accumulations 
to  produce  more  knowledge  and  more  applications,  till  all 
this  has  resulted  in  the  perfection  of  the  multiplex  telegraph 
and  the  wonders  of  the  telephone  and  wireless  telegraphy. 
No  other  department  of  applied  electricity  has  had  such 
a  continuous  development,  hardly  any  interval  elapsing 
between  discovery  and  application  in  its  case,  while  in 
almost  every  other  case  years  have  elapsed  between  dis- 
coveries and  their  application.  It  is  especially  the  object 
of  this  address  to  call  attention  to  the  cause  of  this  and 
to  the  lessons  to  be  learnt  from  it. 

Within  the  first  decade  of  the  century  electrolysis  and 
the  electric  light  were  discovered,  but,  except  on  a  small 
scale  in  electro-plating,  it  was  reserved  for  the  last  quarter 
of  the  century  to  see  their  application  to  the  general  use 
of  mankind.  Before  her  Majesty  began  to  reign,  Faraday 
had  discovered  how^  to  generate  electric  currents  by  magnetic 
actions ;  but,  except  to  generate  currents  to  light  a  couple 
of  lighthouses,  no  applications  of  Faraday's  discovery  to 
generate  electric  currents  on  a  large  scale  was  made  till 
Wilde,  Gramme,  and  Siemens  worked  at  it,  more  than 
thirty  years  after  its  discovery.  The  apphcation  of  electric 
currents  to  transmit  power  un  a  small  scaW  ^a^  iaL\otA.*t  \v\ 


the  electric  telegraph  years  before  any  applications  were 
made  on  a  large  scale.  Except  for  a  few  expenmejits  by 
Jacobi  and  others,  the  transmission  of  power  by  electric 
currents  on  a  htf^  scale  is  the  work  of  the  hst  twenty — 
one  might  almost  bay  of  the  last  ten  years. 

Consider  now  what  are  the  characteristics  of  the 
applications  which  developed  continuously,  and  what  were 
those  of  the  applications  which  lay  dormant  for  years. 
Maybe  we  can  learn  from  thib  consideration  how  to  arrange 
that,  in  the  future,  oiir  discoveries  may  not  lie  for  years 
dormant. 

The  most  noticeable  difference  between  the  applications 
of  electricity  that  de%^loped  and  those  that  lay  dormant  is 
that  those  that  de\^loped  were  useful  on  a  small  scale,  while 
those  that  lay  dormant  were  not  useful  luilil  developed  on 
a  large  scale.  Electro-plating  and  telegraphy  were  useful 
on  quite  a  small  scale*  Experiments  as  to  their  efficiency 
could  be  conducted  on  the  laboratory  scale  with  quite 
cheap  apparatus,  and  thus  they  were  actually  de%"eloped, 

A  recognised  authority,  who  is  fond  of  poking  para- 
doxical fun  at  Professors,  has  recently  slated  that  '*lhe 
progress  of  telegraphy  and  telephony  owes  nothing  to 
the  abstract  scientific  man,'*  1  do  not  know  exactly  what 
he  means  by  the  abstract  scientific  man,  but  I  do  know 
that  telegraphy  owes  a  great  deal  to  Euclid  and  other  pure 
geometers,  to  the  Greek  and  Arabian  mathematicians  who 
invented  our  scale  of  numeration  and  algebra,  to  Galileo 
and  Newton  who  founded  dynamics,  to  Newton  and  Leib- 
nitz who  invented  the  calculus,  to  V'olta  who  discovered 
the  galvanic  cell,  to  CErsted  who  discovert-d  tlie  magnetic 
action  of  currents,  to  Arap^Te  who  found  out  the  laws  of 
their  action,  to  Ohm  who  discovered  the  law  of  the 
resistance  of  wires,  to  Wheatstone,  to  Faraday,  to  Lord 
Kelvin,  to  Clerk  Maxwell,  to  Hert2.  Without  the  dis- 
coveries, inventions  and  theories  of  these  abstract  scientific 
men  telegraphy  as  it  now  is  would  be  impossible-  Maybe 
the  paradoxer  means  by  an  abstract  scientific  man  one 
whose  work  has  not  yet  been  used  in  telegraphy  :  in  that 
case  the  statement  is  true,  but  then  it  is  a  platitude*  Perhaps 
he  does  not  consider  that  the  work  of  these  men  conduced 
to  the  progress  of  telegraphy ;  but  then  he  should  maintain 
til  at    CErsted 's   discovery   of    the    magnetic   action    of    an 
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electric  cmvot  «»  oo  adnnce  oa  Ibe  pfieviott^  inclliiid 
oi  tekgj^JiT  by  imtxth^  saaOs.  I  damqf  be  mocfifics 
Sun  WcOcr's  kka  jmd  comUars  that  algebnw  geoinetiir» 
mecbsmic^  socmd,  beat,  ^bl|  electitMisignelisni,  dictntsiry, 
cotoe  bf  natmi^  but  tfaat  we  mtisl  kam  the  '*  ytocm  code** 

He  goes  oo,  boisrixr^  to  sar  ihat  '^tlie  tutidauieiiul 
princ]|des  and  oatisnil  ^ds  that  uiMkriic  the  pnctice  of 
electrical  ef^neering  arc  the  tesidiiiig:^  erf  actiuU  aEperi- 
cnce^  and  not  tlie  rs^ts  of  labocalory  research  or  pro- 
fessorial teaching."  1  pass  nvef  the  Imptiaitioii  that 
bboratocy  researdi  is  not  actual  experience  and  that 
prolessortal  teaching  is  not  founded  on  actual  experience. 
I  see  that  he  must  be  in  great  difficulties  in  drawing  the 
distinction  he  implies  beta*eea  experience  in  and  out  of 
laboratories.  The  difficulty  he  is  in  is  quite  natural,  because 
there  is  no  such  difference.  It  seems  to  me  imposi^ible  to 
understand  how  an\ix>dy  who  has  not  a  bee  in  his  bonnet 
and  who  knows  anything  of  the  hislury  of  tekgraphy  can 
make  the  extraordinan*  statement  I  have  quoted.  One 
would  have  imagined,  apart  from  this  authoritative  ^tate- 
ntentf  tliat  '*lhe  fundamental  principles  and  natural  facts** 
underlying  the  practice  of  electrical  engineering  were  the 
pile  of  VoUa,  the  electrDl}^is  of  Davy  and  Fanulay,  the 
magnetic  force  of  CErsted,  the  laws  of  AnipcTc,  Fara- 
day's magnetic  induction,  the  conservation  of  energy  of 
Joule  and  Helmholtz,  Kelvirrs  theory  of  cibles,  K wings 
hysteresis,  Clerk  Maxwell  s  theory  of  electro-uiagnetisiu, 
Hertz's  electro-magnetic  waves,  Branly's  coherer.  Every 
one  of  these  is  essential  to  some  part  of  modern  electrical 
engineering,  and  every  one  of  them  \ras  the  result  uf  mere 
''laboratory  research  "  and  ** professorial  teaching."  The 
quoted  statement  is  one  of  the  most  absurd  paradoxes 
ever  propounded, 

1  am  delighted,  however,  to  see  that  Sii"  William  Hrecce 
emphaticaJly  states  that  "the  engineer  must  be  a  sciejitilic 
man/*  That  really  concedes  all  that  has  ever  beeu  in 
dispute  between  scientific  men  and  engineers.  Of  course 
no  "laboratory  research  or  professorial  teaching"  ciui 
teach  all  that  an  engineer  should  know.  How  to  deal 
with  a  drunken  workman,  or  a  strike,  or  a  city  corporation, 
or  a  board  of  directors,  these,  for  example,  have  not  yet 
been  reduced   to  such  scientific  princiulc*k  UvaV  V\vcm  liAW 
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be  made  the  subjects  of  profitoble  "laboratcwy  res^wch 
or  professorial  teaching/'  These  and  many  other  things 
can  only  be  learnt  by  experience  outside  schools  and 
universities,  and  it  is  one  of  the  important  problems  of 
education  to  decide  where  school  education  should  end 
and  apprenticeship  begin*  1  would,  however,  appeal  to 
all  engineers  not  to  expect  pupils  coming  from  schools 
to  have  been  taiught  to  be  immediately  useful.  No  doubt 
this  would  save  their  employer  a  lot  of  trouble,  but  it  would 
prove  that  the  school  had  wasted  the  time  of  its  pupils  in 
teaching  them  what  they  should  learn  in  the  office. 

We  have,  then,  seen  that  electro-plating  and  telegraphy 
were  capable  of  development  on  a  small  scale  and  were 
consequently  largely  developed  by  laboratory  research. 

The  development  of  dynamos  from  Faraday's  discovery 
required  expensive  experiments^  and  to  test  their  efficiency 
on  a  large  scale  required  very  expensive  experiments  indeed. 
It  was  not  possible  to  conduct  experiments,  that  would 
be  of  much  practical  use^  on  the  small  scale  on  which 
laboratory  experiments  have  to  be  conducted  on  accoimt  of 
the  miserable  pittance  that  is  at  the  command  of  scientific 
liiboratories.  The  only  opportunity  of  conducting  exi>eri- 
ments  on  a  large  scale  is  when  an  inventor  can  control 
capital^  iis,  fur  example,  if  he  is  himself  in  the  position 
of  an  engineer  to  some  ivealthy  body  whose  money  he 
can  employ  on  experiments,  Jacobi  and  others  spent  a 
good  deal  of  money,  no  doubt,  on  experiments  in  power 
distribution  by  electro-magnetic  engines,  but  their  expendi- 
ture, though  quite  considerable  as  compared  with  the 
usual  run  of  laboratory  experiments,  was  as  nothing  com- 
pared with  the  enormous  sums  spent  by  the  pioneers  of 
modern  electro-magnetic  machinery  on  their  experiments. 

What  we  have  found,  then,  is  that  development  depended 
on  whether  or  no  people  experimented  energetically  upon 
how  to  render  each  discovery  of  practical  utility  j  where 
experimenting  was  energetic^  development  was  rapid  ;  where 
experimenting  was  not  energetic,  development  was  slow. 
We  have  further  found  that  the  energy  of  experimenting 
depended  on  the  money  available  ;  where  little  money  ^\'as 
required  development  was  rapid,  but  it  was  slow  where 
large  sums  of  money  were  required  in  order  to  perform 
valuable  experiments. 
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We  may  further  inquire  how  it  happened  that  money 
and  time  became  available  for  costly  experiments.  Money 
is  available  for  laboratory  experiments  by  the  beneficence 
of  private  and  public  endowment,  and  time  is  available  by 
the  devotion  of  scientific  men  to  the  advancement  of  natural 
knowledge.  These  have  been  available  because  some  few 
men  have  had  faith  in  the  desirability  of  knowledge  both 
for  its  own  sake  and  for  the  material  and  moral  advantage 
of  mankind.  Money  has  been  available  in  England  on  a 
large  scale  in  the  past  because  of  the  enthusiastic  faith  of 
some  very  few  men  in  the  possibilities  of  scientific  dis- 
coveries. One  of  the  most  remarkable  instances  of  this 
faith  was  in  the  case  of  the  great  experiment  of  laying  the 
Atlantic  cable,  A  few  men  with  strong  faith  impressed 
their  belief  on  a  few  capitalists^  and  after  years  of  most 
expensive  experimental  work  they  at  last  brought  their  great 
undertaking  to  a  successful  issue  ;  the  general  body  of 
capitalists  meanwhile  looking  on  with  amused  incredulity. 
The  development  of  the  dynamo  depended  similarly  upon 
the  strong  faith  of  individuals  who  spent  immense  sums  of 
money  and  much  time  and  energy  on  the  subject  because 
they  had  faith  in  its  possibilities*  It  is  remarkable  how 
many  of  the  developments  of  scientific  discoveries  of  the 
latter  years  of  the  century  have  been  due  to  foreigners  or 
firms  with  foreign  leaders,  such  as  Siemens  Brothers.  This 
has  been  largely  due  to  the  fact  that  foreigners  are  far  in 
advance  of  us  over  here  in  their  faith  in  the  possibility  of 
using  scientific  discoveries.  The  rapid  advance  of  the 
applications  of  science  in  the  last  quarter  of  this  century 
has  been  very  largely  due  to  the  growth  of  this  faith.  It 
has  grown  to  a  strong  conviction  in  the  ordinary  public  of 
America  and  the  Continent,  and  is  growing  daily  stronger 
over  here,  but  is  still  far  weaker  here  than  in  otlier  parts  of 
the  civilised  world.  The  result  of  this  has  been  that  while 
the  germs  of  many  of  the  greatest  inventions  have  been 
made  within  the  British  Isles,  we  have  not  been  pioneers  in 
any  great  advance  in  the  applications  of  electricity  since  the 
development  of  submarine  telegraphy.  Possibly  another 
cause  has  been  our  obstinate  retention  of  our  abominable 
series — one  cannot  call  it  system — of  weights  and  measures. 
It  is  with  great  hopefulness  that  1  see  public  opinion 
gradually  growing  in  favour  of  the  metric  s^ste\n.     \\  \.% 
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lamentable  how  the  uninslnicted  prejudice  of  the  man  in 
the  street  influences  progress.  Here  is  a  reform  advocated 
by  a  large  number  of  manufacturers  and  distributors,  by 
chambers  of  commerce,  and  by  almost  everybody  who  has 
seriously  studied  the  question,  and  yet  it  is  delayed,  not 
because  the  leaders  of  the  State  have  any  doubt  as  to  its 
desirability,  but  merely  because  they  do  not  think  the  public 
sufficiently  intelligent  for  its  introduction  to  be  popular. 
Thus  do  we  all  suffer  for  the  sins  and  ignorances  of  one 
another.  It  is  a  matter  in  which  we  in  Ireland  are  particu- 
larly interested.  I  feel  sure  that  under  Continental  guidance 
Ireland  would  long  ago  have  adopted  the  reform,  only  that 
the  obstinate  conserx-atism  of  Britain  has  forced  us  to  use 
its  horrible  series  of  weights  and  measures.  If  only  our 
Irish  members  would  push  forward  this  reform  they  would 
do  some  good  by  saving  a  year's  school  life  for  each  child 
and  facilitating  computations  in  every  department  of  life  ; 
it  would  be  worth  much  more  than  the  millions  they  say 
Britain  is  robbing  us  of.  Owing  to  these  amongst  other  things 
we  have  not  been  pioneers.  Xo  doubt  there  are  some 
advantages  in  not  being  pioneers  ;  we  are  saved  the  expense 
of  preliminary  experiments,  and  can  often  enjoy  learning 
by  the  mistakes  of  others.  On  the  other  hand,  we  lose  such 
industries  as  electric  tramway  construction  and  polyphase 
transmission  of  power,  and  can  never  expect  to  be  in  the 
forefront  of  progress  ;  a  decided  misfortune  when  it  comes 
to  fighting  against  Creusot  guns. 

How  does  it  happen  that  one  of  the  foremost  countries 
in  advancing  science  has  been  one  of  the  last  to  appreciate 
the  possibilities  of  applied  science  ?  This  has  been  due 
partly,  no  doubt,  to  our  great  success  as  manufacturers  and 
as  mere  mechanical  inventors.  No  doubt  Watt  was  a  truly 
scientific  inventor,  and  even  mere  mechanical  inventors  are 
appliers  of  scientific  knowledge  that  was  discovered,  in  the 
most  part,  by  scientific  men  centuries  ago ;  but  most  of  our 
success  as  manufacturers  has  been  due  to  mechanical  inven- 
tions and  to  our  well-trained  and  expert  artisans,  and  not  to 
the  useful  application  of  recent  scientific  discoveries.  This 
great  success,  and  the  absence  of  scientific  training  in  our 
schools  and  the  want  of  contact  between  manufacturing 
and  scientific  society  have  all  contributed  to  prevent  a  due 
appreciation  of  the  value  of  scientific  discovery  and  experi- 
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r    hi  Cn  towiy  »» 
corf^esf^onAm^  to  fiw 

^  ts  hcfx'  etflrfi  ^saikl^ 


Hov  cAervue  cm  mm  mi^bm  an  cmuietit  amliQniy^ 
recent  paradox  :  *  Many  people  adiwatle  liie  tasAf  tadiiiill 
erf  sciexice  ;  I  do  ooc,**  and  diea  be  ioMaedkitclT  ffM^  cm  Ki 
ailim:ate  Oe  earij  teachi^  of  bo^ny*  aotdogy^  mi  ^y$m^ 
ff^fhf.  He  seems  to  use  the  «fifd  "sdeoee*  far  lortial  hut 
caUs  **ill-digestcd  text-bixik  scieiicr,  tltusinttrd  hy  cxiicn* 
iDents  uiiich  generally  fail"  I  don*t  s^ipfHie*  ^iiyKwlv 
ad^^xaies  the  teacfaii^  of  ihts  **^ence**  ewii  Lite  in  a 
boy's  education.  I  am  afraid  he  t$  trying  to  earn  a  che^|> 
popularity  with  the  uniostnicted  '*  laudator  tempori^  acti  '* 
by  sneering  at  the  early  teach  iu^  of  science  and  hy  ai\ 
absurd  misuse  of  the  term  that  would  not  haw  nuskxl  hi^ 
most  ignorant  h^u^r  if  he  had  %i^j^  the  woitl  "  knowli'ttj^c/* 

We  are,  howe\*er^  I  confidently  K*hinv,  alrcaily  entetx*<l 
upon  a  more  reasonabJe  era.  In  England,  even  wiiijles^ 
telegraphy,  the  child  of  one  of  the  most  I'ccvnt  disct^vrries 
of  science,  has  received  sufficient  reco^nituui  for  very 
expensive  experiments  to  be  carried  out  with  most  \";diiulile 
results,  notwithstanding  the  cold  shoulder  jy^ivcn  !o  tlic 
invention  by  Government  deprtrtments  and  the  fear  it  han 
inspired  that  it  may  be  in  the  hands  of  the  compiuiy  pro- 
motor.  Us  history  is  most  interesting  a^  sliovving  how 
much  in  an  invention  depends  on  the  pusli  iUul  encrj^y  i\^ 
well  as  upon  the  ingenuity  of  an  invenlor*  In  this  cunncc* 
tion  1  would  strongly  endorse  the  complaint  of  the  Picnulrid 
of  the  Institution  of  Electrical  Knginecrs  m  lu*^  npciuni* 
address,  namely,  that  capitalists  arc  unwilling  to  advniice 
money  to  try  experiments  on  a  sufficiently  large  ncaie  to  hia 
of  service  in  deciding  their  value  on  a  very  large  Ncale.  A 
company  can  be  promoted  with  a  capital  of  ;{,*ioo^ooo  hii 
almost  any  conceivable  object^  hut  it  in  quite  hard  lo  get 
jf  10,000  or  ^20,000  to  try  experiments*  1  took  forward  to 
the  time  when  eager  capitalists  and  energetic  Guvcuww^wV 
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departments  will  importune  inventors  to  be  allowed  to  work 
out  their  discoveries,  instead  of  requiring  to  be  solicited  and 
ballyragged  by  the  inventor  into  an  unwilling  permission  to 
try  them.  A  few  failures  now  and  then,  a  few  cases  of 
being  taken  in  by  fraudulent  or  over-zealous  inventors,  and 
our  wavering  faith  in  science  collapses.  How  many  failures 
are  there  in  the  iron  trade  !  how  many  are  taken  in  by 
specious  company  promoters  !  And  yet  the  capitalist  has 
faith  in  the  "iron  business"  and  in  "limited  liability 
companies."  Would  that  our  faith  in  science  were  equally 
strong  !  We  might  then  hope  that  laboratories  would  be 
reasonably  endowed  with  men  and  means  to  carry  out 
experiments  on  a  sufficient  scale  to  be  of  use  in  testing 
their  practicability  and  improving  the  methods  of  new 
inventions.  1  am  delighted  to  see  that  Sir  William  Preece 
expects  laboratories  to  carry  on  all  the  researches  engi- 
neers may  require.  That  is  quite  as  it  should  be,  but 
such  laboratories  must  be  verj'  highly  endowed.  A  physical 
laboratory  thnt  spends  a  couple  of  hundred  a  year  on 
materials,  instruments,  and  so  forth,  considers  itself  fairly 
well  off.  1  wish  I  had  anything  approaching  this  to  spend 
in  Trinity  College,  Dublin.  When  will  poor  T.CD.  get 
credit  for  wanting  to  do  more,  very  much  more,  than  its 
very  limited  and  precarious  income  permits  ?  When  can 
we  expect  the  country  or  generous  benefactors  to  learn 
that  science  on  a  large  scale  is  at  the  basis  of  the  material 
prosperity  of  the  country,  and  that  science  on  a  large  scale 
is  very  expensive.  But  what  use  is  ;^200  a  year  in  making 
experiments  on  a  commercial  scale  ?  Ten  thousand  a  year 
would  be  more  like  the  figure  required  ;  and  ;^io,ooo  a 
year  could  be  most  profitably  spent  on  experimental  work 
here  in  Ireland,  on  the  one  subject  of  utilising  our  bogs. 
It  is  most  probable  that  the  energy  of  their  combustion 
could  be  transmitted  to  our  towns  to  provide  them  with 
light  and  power ;  but  the  preliminary  experiments  are  far 
beyond  the  capabilities  of  a  scientific  laboratory,  and  though 
success  is  very  probable,  it  cannot  be  so  certainly  promised 
as  to  justify  one  in  enlisting  the  assistance  of  capitalists  who 
would  consider  themselves  very  badly  treated  if  failure  was 
ultimately  discovered  to  be  inevitable.  If  the  capitalists 
were  decently  educated  and  could  themselves  appreciate  the 
scientific  situation,  it   might   be   allowable  to  enlist  their 
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assistance  as  they  might  be  consadered  to  be  going  intn  a 
speculation  with  their  eyes  open.  In  the  pnesent  state  of 
the  education  of  capitalists  in  this  country  they  must  depend 
entirely  on  the  judgment  of  scientific  experts,  who  cannot 
be  expected  to  fully  appreciate  the  business  side  of  the 
subject-  Then  there  are  llie  questions  of  three-wire  Iram- 
u*av%  leaky  telegraph  lines,  submarine  relays,  sun  engines, 
of  flying  machines  which  Lord  Rayleigh  considei"s  can  Ik* 
constructed  if  money  enough  were  forthcoming,  and  of 
%^cuum  tubes  as  a  means  of  illumination,  and  of  niiniluTless 
other  matters  already  ripe  for  application,  to  s;iy  nothing  of 
the  innumerable  scientific  discov^eries  that  have  not  yet  been 
even  suggested  as  having  practical  applications* 

Besides  these  industrial  laboratories,  all  our  Governnu-nt 
departments,  such  as  the  army  and  navy,  should  have  large 
experimental  organisations  where  any  invention  that 
promised  success  would  be  developed  and  serionsly  tried. 
The  decision  of  what  to  try  should  not  be  left  to  mere 
officials,  however  distinguished,  but  should  be  referred  to 
independent  scientific  advisers — persons  who  w^ere  not 
trammelled  by  official  traditions,  but  were  in  touch  with 
scientific  advance  and  enthusiastic  believers  in  it.  If  the 
country  spent  a  couple  of  millions  per  annum  on  e?iperi- 
mental  work  of  this  kind  it  would  bear  much  fruit,  and  we 
should  not  find  ourselves  out-shot  by  semi-barbarous  farmers. 
Hope  is  the  great  incentive  to  exertion,  Without  it  a 
nation  is  dead.  Without  it  we  lose  all  belief  in  the  possi- 
bility of  improvement^  and  improvement  at  once  beconien 
impossible*  The  history  of  electrical  engincLn'iiig,  the 
utilisation  of  the  all-pervading  ether  for  the  service  of  man, 
should  strengthen  our  hope  and  our  belief  in  the  possibility 
of  improvement.  P'or  has  It  not  revolutionised  society  and 
enabled  high  and  loW|  rich  and  poor,  to  lead  better  lives,  by 
making  life  less  hard  and  grimy,  and  thus  improved  the 
well-being  of  man  both  materially  and,  what  is  far  more 
important,  morally  as  well  ? 


Colonel  G,  F;  C  Beresfor  d^  in  proposing  a  vote  of  tlmuk^  to  Prof  us^or  coioiu  i 
Fit£g<^raJcip  said  he  fL*lt  sure  that  tin-  future  of  this  Section  would  Ik*  *o  HOT*«it»rii, 
prosperous  tba^  in  days  to  come*  they  would  look  back  upuu  I  lie  firnt 
meeting  this  evening  as  an  historical  uvcnt  closely  associated  with  tht; 
name  of  the  tirst  chairman  of  the  scclion^  FrofcHsor  FiUgcraUV. 

He  rccalletl  the  ^tory  of  the  examiner  who,  having  ti:cc\v^d  Vtow^  'a 
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cutididiilc  in  reply  to  his  qucsdan.  *'  Uliat  is  clcctricitj^  ? "  the  answ^er 
**  I  did  know,  hot  I  have  /orgotten/*  remarked,  "  How  very  unfortunate 
lliat  the  only  man  who  ever  knew  what  elcctricily  is  has  forgotten  ! " 
He  would  not  prophesy  that  I  he  incetJngi>  of  the  section  would  result 
ill  the  discovery  of  what  electricity  is,  but  it  would  be  ^ic  to  assume 
that  the  discussions  would  contribute  to  the  making  of  furl  her  dti»- 
coverici  as  to  the  laws  which  govern  its  action,  aud  unable  tnan  to  bind 
it  to  his  service. 

He  remarked  how  at  the  prest-nt  time  all  thoughts  fiattirally  turned 
towards  the  art  of  war,  and  in  no  direction  ^*'as  there  a  wider  scope  for  the 
advance  of  elt^ctrical  science.  On  it  depended  the  efficiency  of  submarine 
defences,  and  coitst  Imtt erics  were  directed  and  worked  by  its  aid.  The 
electric  light  had  many  uses  in  war,  the  latest  development  being  the  use 
of  the  scarch-hght  for  signalUng  by  means  of  its  reflections  in  the  clouds. 
thus  enabling  a  beleaguered  garrison  to  communicate  with  the  relieving 
army.  Then  there  were  the  held  telegraphs  ajid  the  Marconi  apparatus. 
which  latter  tt*as  being  used  in  war  for  the  first  time,  and  was  likely  to 
prove  of  inestimable  v-alue  ;  for  by  its  use  it  might  be  possible  in  future 
campaigns  to  dispense  with  long  trains:*  of  telegraph  material,  and  the 
necessity  for  erecting*  maintaining,  and  guarding  lines  of  telegraph. 
The  mention  of  these  instances  of  the  application  of  electricity  for  w^r 
purposes  showed  tfiat  there  was  a  wide  field  for  its  future  study  and 
discussion  in  the  military  as  well  iiA  in  the  civil  world- — ^and  at  that  very 
time  tJ^  parent  Society  was  sending  out  a  detachment  of  Volunteer  Royal 
Engineers  to  take  part  in  war  in  South  Africa.  It  was  understood  that 
Major  Crompton  was  going  out  liimself  in  command,  and  was  taking 
with  him  a  *'  galloping  search- light.'*  This  would  be  a  new  departure  in 
war,  and  one  which  would  have  astonished  our  forefathers  verv  con- 
siderably, though  there  is  little  doubt  that  Napoleon  would  have  made 
an  excellent  use  of  it,  had  it  been  invented  in  his  day.  It  may  well  be 
imagined  that  a  number  of  rapidly  moving  search-lights  might  bu  used 
with  great  tactical  effect  during  a  night  attack,  to  show  up  the  objective 
and  to  darkle  the  enemy. 

Professor,  Fitzgerald  in  his  address  had  lamented  tliat  Great  Britain 
was  not  a  pioneer  in  the  useful  application  of  electrical  science,  Tliis 
was  doubtless  true,  but  at  the  same  time  it  must  not  be  forgotten  ttiai 
wiu'  telegraphs  were  an  exception.  They  were  first  used  by  the  British 
foi'CCii  in  the  Crimea,  and  since  that  dale  the  British  nation  might 
flatter  itself  that  they  have  been  kept  in  advance  of  the  field  telegraphs 
of  Continental  armies. 

Dr.  A.  Traill  said  he  had  much  pleasure  in  seconding  the  vote 
of  thanks  to  Professor  Fitzgerald  for  bis  instructive  and  suggestive 
address.  Having  been  called  on  to  make  inipromptu  remarks,  he  could 
not  go  into  all  the  matters  touched  upon,  but  would  confine  himself  to 
the  difficulty  pointed  out  by  the  President  of  combining  the  possession 
of  capital  with  the  ability  so  to  use  it  as  to  make  the  application  of 
abstract  principles  commercially  successful.  Generally  spcakingi  in 
Kngland  capitalists  could  be  found  who  would  back  up  the  experiments 
of  scientific  men  in  whose  ability  they  had  confidence,  but  such  a 
pjienometigti  wa^  raf e  indeed  m  Ireland,     Professor  Aryton  once  told 
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him  that  there  are  often  persons  in  England,  not  of  much  scientific  Dr.  Train, 
ability,  who  think  they  have  hit  oH  somu  wonderful  discovery,  with 
which  they  are  anxious  to  have  their  names  associatL^d,  so  as  to  become 
famous  to  posterity.  They  would  come  and  say  '*  there  are  ^^5,000  for 
you  to  experiment  with,  and  bring  my  theories  to  a  success  in  practice/* 
Was  it  iiot  a  pity  that  such  capitalists  did  not  come  and  offer  their 
money  lo  carry  out  experiments  evolved  from  their  inner  consciousness 
by  such  skilled  persons  as  Professor  Fitzgerald,  and  drop  their  own 
absm-d  ideals  ?  On  the  other  hand,  reference  might  be  made  to  two 
remarkable  examples  of  men  beginning  without  any  capital,  and  by  the 
extraordinary  power  of  their  intellects  so  impressing  the  public  with 
confidence  in  their  experiments  as  lo  succeed  in  amassing  large  wealth 
for  themselves  in  the  end.  Tlie  first  example  was  Sir  William  Siemens, 
— who»  in  an  address  to  a  Mechanics'  Institute  at  Birmingham,  many 
years  ago.  related  how  he  and  his  brother*  Werner  Siemens,  arrived,  as 
young  men,  in  London  from  Germany,  liaving  discovered  the  art  of 
electro-plating.  They  could  scarcely  speak  a  word  of  English  and  were 
looking  about  everywhere  for  the  Patent  Office,  where  they  might 
secure  their  discovery  before  making  it  known  to  the  public.  They 
had  some  £2  in  their  pockets.  As  they  wandered  through  the  streets 
they  saw  over  a  door  in  large  letters*  "  Poole,  undertaker."  They  felt 
certain  that  they  had  discovered  the  right  place  ;  they  went  in  and 
commenced,  in  broken  English,  explaining  their  discovery,  and  asking 
lo  have  it  patented*  The  head  of  the  place  listened  to  I  hem  in  con- 
fusion and  amazement,  and  it  was  some  time  before  lie  was  able  to 
make  them  understand  that  they  had  come  prematurely  to  his  establish- 
meEL  When,  however,  he  had  discovered  the  object  of  their  visit,  he 
sent  them  on  to  Elkington  in  Birmingham,  who  had  himself  made  ttie 
tlie  same  discovery  that  year*  but  in  a  very  indifferent  degree,  and  when 
the  brothers  told  him  tliat  they  could  tspread  the  small  amount  of  silver 
in  a  fourpenuy-piece  over  the  entire  siuface  of  a  large  metal  dish -cover, 
be  offered  them  £t  ,000  for  the  discovery  if  they  could  do  it.  Of  course 
they  succeeded,  and  Sir  William  said  that  ^"1,000  was  the  first  bit  of 
capital  they  ever  had.  When  w*e  remember  that  he  died  leaving 
jf 380,000  in  this  eountrj-,  of  realised  capital,  besides  a  valuable  business 
concern  in  England  and  another  in  Germany,  it  can  easily  be  seen 
what  splendid  results  were  evolved  from  so  small  a  beginuing.  He 
was  a  most  remarkable  man,  and  was  one  of  the  original  Directors  of 
the  Portrush  and  Giant's  Causeway  Electric  Railway.  He  had  foretold 
the  wonderful  work  which  could  be  effected  by  the  transmission  of 
mechanical  power  from  the  Falls  of  Niagara  by  means  of  electricity. 
and  it  was  well  known  what  a  stupendous  success  it  had  been  within 
the  few  years  which  had  elapsed  since  his  great  idea  luid  been  reduced 
to  practice,  under  the  guidance  of  a  noble  band  of  scientific  nien^ 
aaiongst  whom  Lord  Kelvin  stood  pre-eminent.  The  speaker  and  his 
broUier  had  brought  Sir  William  over  to  Co,  Antrim  in  1880,  and  when 
be  stood  on  the  falls  of  the  River  Bush  he  clapped  his  hands  and  said, 
'*  Since  I  stood  at  the  Falls  of  Niagara,  I  have  not  seen  so  suitable  a 
$|>ot  as  this  on  which  to  try  the  application  of  watcr-powtt  lo  i;\(icXt\c 
*  locomotion.*  '    Tlial  was  the  origm  of  the  Portrush  EkctrVcl^^X'w^^ 
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and  Tramway,  by  many  years  the  first  in  the  world  that  was  not  a  mere 
experimental  toy.  Unfortunately  Sir  William  Siemens  met  an  untimely 
end  by  a  fall  in  the  street  in  London,  and  there  had  been  great  financial 
difficulty  in  completing  that  Unc  for  some  ;^5,ooo,  as  his  firm  not  only 
refused  to  carr>'  out  his  wishes  and  plans,  but  sent  in  a  large  bill  for  all 
the  electric  apparatus  which  had  been  used  up  in  the  many  unsuccess- 
ful experiments  carried  out  before  ultimate  success  was  attained. 
There  was,  however,  another  great  man.  Lord  Kelvin,  then  Sir  William 
Thomson,  on  the  original  Board  of  Directors,  who  furnished  the 
speaker's  second  example  of  the  creation  of  capital  by  the  extraordinary 
commercial  success  of  his  discoveries  in  their  practical  application. 
Lord  Kelvin  was  one  of  two  remarkable  brothers,  but  there  had  been 
this  great  difference  between  them — James  Thomson,  Professor  of 
Engineering  in  Glasgow  University,  was  a  man  of  remarkable  ability 
in  his  own  profession,  but  he  had  never  hit  off  the  commercial  aspect 
of  great  scientific  discoveries,  hke  his  brother  William.  The  great 
tribute  paid  to  the  eminence  of  Lord  Kelvin  three  years  ago,  when  his 
Jubilee  was  celebrated  in  Glasgow,  is  known  to  all.  His  discoveries 
Jiad  added  more  to  human  progress  probably  than  those  of  any  other 
man  in  the  nineteenth  century.  Thousands  of  lives  and  millions'  worth 
of  property  had  been  saved  by  his  **  mariners'  compass  "  alone,  and  it 
was  sufficient  to  mention  the  "  Atlantic  cable  "  to  sum  up  all  that  the 
speaker  ^^•as  contending  for.  Rightly  and  deser\*edly,  he  had  reaped  a 
rich  reward  financially  as  well  as  scientifically,  for  his  great  discoveries. 
The  history  of  the  lives  and  work  of  these  two  great  men  proves  con- 
clusively that  Professor  Fitzgerald  is  perfectly  correct  in  his  criticisms 
on  statements  which  have  been  made  in  comparing  the  man  of  abstrac- 
tion with  the  man  of  action.  In  conclusion,  he  had  only  to  add  (though  he 
said  it  in  his  presence),  that  Professor  Fitzgerald  was  a  man  oif  the  same 
stamp  of  mind  as  that  of  these  two  men.  Lord  KeUin  had  himself  told 
the  speaker  that  he  considered  Professor  Fitzgerald  one  of  the  first 
men  of  the  day  in  that  line  of  investigation  to  which  he  has  devoted  his 
life,  and  he  only  wished  that  he  was  a  capitalist  as  well,  as  he  knew  that 
he  would  spend  his  wealth  liberally  in  the  great  cause  of  science. 

Professor  Fitzgerald  said,  in  reply,  that  he  was  most  anxious  to  do 
good  to  his  own  age  and  generation  :  that  he  would  rather  be  of  use  to 
them  than  be  known  a  thousand  years  hence  as  the  discoverer  of  some- 
thing which  had  remained  useless  for  a  thousand  years.  He  did  not  at 
all  despise  money,  as  he  considered  it  a  generally  fair  measure  of  the 
usefulness  of  work.  He  concluded  by  thanking  them  for  the  way  in 
which  they  had  received  his  address,  and  hoped  the  branch  would  have 
a  brilliant  career  of  usefulness. 
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A  TWO-PHASE  ROTARY  CONVERTER  AND  A 
NOTE  ON  THE  REGULATION  OF  ROTARY 
CONVERTERS. 

By  Ernest  Wilson,  Member. 

tPij/^T  received  yamuiry  9^  1900.J 

In  a  previous  communication »  ejcperiments  were 
described  in  connection  with  a  Dynamo  Electric  Machine 
run  as  a  single-  and  two-phase  Rotary  Converter.  One 
abject  of  the  present  communication  is  to  examine  more 
closely  the  armature  reaction  in  the  same  machine  when 
used  to  transform  from  two-phase  alternate  currents  to 
direct  currents*  Other  matters  are  also  deah  with,  and  a 
note  is  given  on  the  regulation  of  rotary  convertei*s. 

In  the  previous  experiments  the  two-phase  alternate 
currents  were  supplied  by  two  alternate-current  machines, 
their  axles  being  rigidly  coupled  together  with  the  armatures 
90°  apart  in  phase.  In  the  present  experiments  the  two- 
phase  currents  are  supplied  by  a  machine  similar  to  the 
rotary  converter.^  The  armatures  are  each  fitted  with  four 
slip  rings  making  contact  with  the  commutator  at  o*^,  90°, 
180*5,  and  270^^.  The  chaiacteristtc  curve  for  each  of  these 
machines  is  given  in  Fig,  1,  and  each  machine  is  intended 
to  deliver  80  amperes  140  volts  at  880  revolutions  per  minute 
as  a  shunt  wound  generator. 


Descriptive  Matter. 

Fig-  2  is  a  diagram  of  connections  showing  how  the 
converter  C  was  connected  to  the  generator  G,  The  load  on 
the  converter  was  adjusted  by  a  non-inductive  resistance  R, 
which  was  accurately  determined  at  the  time  of  the  test, 
B  is  a  W^eston  voltmetei,.  E  is  a  Kelvin  balance.  The 
resistances  r^  r^  r^  ra  are  non-inductive,     Q  is  a  Kelvin 

'  See  jfourttat  hist*  Eki.  Eug^  1^)9^  'vuL  xxviiLt  p.  367. 
^  For  full  dei)icripli(jn  of  thtfsc  Etiachinei»  5t;e  Pnh\  Roy*  StK^  vuL  li*,  ^*  i^\ 
.tlsci  f J  V  ft  i  J  //^*p  Mi  t  i  h  i  na'}%  by  Dr .  J ,  H  (jpki  1 1  sun  ;  also  Eke  hid  a  11  ^  vo\ .  xifcV\\ . , 
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quadrsint  electrometer.  I  and  D  are  revolving  contact- 
makers  fixed  respectively  to  the  axles  of  the  converter  and 
generator.  They  make  contact  once  in  a  revolution  between 
brushes  5. 6  and  1 1. 1 2.  The  brushes  5, 6  are  rigidly  fixed  at 
one  point  of  a  revolution.  The  brushes  11,  12  are  fixed  to  an 
ebonite  holder  capable  of  being.moved  to  different  positions 
round  a  circle  dix-ided  into  60  equal  parts.  Wlien  turned  in 
the  direction  of  rotation,  the  pointer  passes  over  the  divisions 
in  the  order  60,  59,  5^,  etc.     K  is  a  condenser  of  i  micro- 


I 


I 
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L/fie  IntejrtU  of  Pkfnetisinf  Force  in  KrC£SumU 
Lxciiin^  Current  in  Amperes. 
Fig.  I. 


farad  capacity.  When  observing  the  potential  difference  at 
any  moment  between  the  rings  i  and  3,  the  two-way  switch 
S  was  set  to  connect  the  junction  of  r^  r^,  two  considerable 
non-inductive  resistances,  to  one  pole  of  the  electrometer 
reversing-s witch  L.  The  contact-maker  D  was  then  set  to 
different  positions,  and  at  each  the  double  deflection 
observed.  When  observing  the  current  in  the  brush  con- 
nected to  ring  i;  the  switch  S  was  set  to  connect  one  pole 
of  L  to  the  terminal  of  r^.  The  deflection  of  Q  is  propor- 
tional to  the  current  at  the  moment  when  D  severs  contact 
between  brushes  11,  12.  Similarly  the  curve  of  current 
cvi/7   be  obtained   b''     '       ving  the   variation  of    potential 
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cbficfcnce  across  r^    The  ndier  phise  (rin^  2  a-. ^  .n 

be  dealt  with  as  ju^t  described  by  suitahlv  ch.i  c 

ccwioectiof^ 

Wheo  obsenring  the  tnecfaanical  displacenu  j  K  tAvvi-n 
the  amiatiires  C  and  G  at  one  part  ol  a  rcvohKHUi,  ihe 
contact*makefs  I  aod  D  ireng  placed  in  series  with  one 
another  and  in  the  carcnil  of  a  battery  and  g;aIvaiionictcr. 
When  the  artnatnn^  of  C  and  G  were  similarly  plactxl  with 
r^ard  to  the  pole-piec^  and  wlien  the  contacl-niakcrs  I  aiKl 
D  made  stmiiltajieous  contact,  the  reading  on  D  was  29. 
Wiien  m  motion  it  was  therefore  only  neccssiiry  to  move  the 
brusht^  II,  13  to  such  a  position  that  the  contact-makers 


i^W^^^^ 


again  made  simtiUaneoiis  contact  to  find  the  di^^pUiLemcnt 
required*  If  the  angular  velocity  of  each  arniiiturc  \vk\s 
constant,  then  by  suitably  placing  the  brushes  on  D*  a  steady 
deflection  on  the  galvanometer  would  be  observed,  provided 
the  periodic  time  of  the  needle  is  great*  If,  however,  one 
armature  is  accelerated  relatively  to  the  other,  the  change  is 
at  once  marked  by  the  spot  of  light  momentarily  swinging 
back  towardti  zero.  A  D' Arson val  galvanometer  was  used, 
and  its  damping  was  such  that  the  rate  at  which  sinuiltan- 
eous  contact  between  I  and  13  was  made  could  be  counted 
in  certain  cases* 


Effect  of  Enginb  and  Belt  upon  Angulak  VEi-ucn  y. 

For  the  purpose  of  these  experiments  it  was*  tlesii  able 
that  the  angular  velocity  of  the  converter  armature  slinuld 
not  vary.    The  generator  was  driven,  to  be^ui  \v\V\\,\>n  a 
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leather  belt  with  laced  joint.  The  effect  of  this  joint  was 
very  marked  when  the  generator  and  converter  were  excited 
with  weak  fields — that  is  to  say,  the  frequency  with  which  the 
joint  in  the  belt  struck  the  pulley  of  the  generator  coincided 
with  the  beats  of  the  D'Arsonval  galvanometer  above  men- 
tioned. The  amplitude  of  the  superposed  oscillations  was 
determined  by  moving  D  until  the  galvanometer  just  showed 
a  deflection.  The  results  of  some  of  the  tests  are  set  forth 
in  Table  I.,  from  which  it  will  be  seen  that  the  amplitude 
with  weak  fields  varied  from  18°  to  14°  (that  is  9°  and  70  on 
each  side  of  the  mean)  as  the  converter  is  loaded.  With 
strong  fields  the  beats  of  the  galvanometer  coincided  with 
the  revolutions  of  the  crank  shaft  of  the  engine,  which  is 
compound,  non-condensing,  with  two  cranks  at  90°.  The 
effect  of  load  is  to  give  a  more  even  turning  moment.  The 
leather  link  belt  proved  more  satisfactory,  as  is  shown  by 
the  experiments  in  Table  I. 


Torque. 

We  have  now  to  deal  with  experiments  i,  2,  3  (Tables  II. 
and  III.),  in  which  the  leather  link  belt  was  used  to  drive  the 
generator.  To  obtain  a  marked  effect  due  to  armature 
reaction  weak  fields  were  employed.  To  obtain  as  perfect 
symmetry  as  possible  the  total  resistance  of  the  conductors 
between  the  generator  and  converter  were  made  equal,  and 
can  be  considered  free  from  capacity  and  self-induction  so 
far  as  these  experiments  are  concerned.  The  resistances 
''3  ''4  ''5  '6  (Fig*  2)  have  respectively  the  values  '0547,  '0553, 
•0548,  and  '0542  ohms.  The  first  test  for  symmetry  is  to 
compare  the  curves  of  currents  obtained  by  observing  the 
variation  of  potential  difference  between  the  ends  of  r^  and 
r^  respectively  in  the  circuits  to  rings  i  and  3  ;  these  should 
agree  as  regards  amplitude,  wave-form,  and  phase.  Similarly 
with  regard  to  r^  and  re  in  the  circuit  to  rings  2  and  4.  In 
Figs.  4,  5,  6,  the  curves  Aj,  A2  are  each  the  average  of  the 
two  curves  obtained  for  each  circuit,  and  the  deviation  of 
either  cur\'^e  from  the  average  is  so  small  as  to  be  hardly 
detected  in  the  diagrams.  The  curves  V,  and  Va  are  the 
curves  of  potential  difference  between  rings  i  and  3,  and 
rings  2  and  4  respectiv  '         ^^  is   the  curve  of   potential 
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difference  between  the  main  brushes  7  and  8.  The  phase- 
differences  between  Vj,  Ai  and  V^,  Aa  are  the  same  in  one 
experiment,  and  the  phases  are  90*^  apart. 

In  the  previous  paper  curves  were  obtained  by  observing 
the  average  potential  difference  between  two  small  brushes 
touching  adjacent  segments  of  the  converter  commutator 
for  different  positions  round  the  commutator-  In  the 
present  experiments  these  small  brushes,  9,  10  {Fig.  2),  do 
not  bear  upon  the  commutator  itself,  but  upon  an  insulating 
ring  F,  provided  with  two  contacts  only,  such  contacts 
bearing  upon  two  adjacent  commutator  plates.  By  turning 
this  ring  on  the  commutator,  the  contacts  can  be  made  to 
touch  any  two  adjacent  commutator  plates.  For  each 
setting  of  this  ring  on  the  commutator  a  curve  was  obtained 
by  observing  the  deflection  on  a  Kelvin  Quadrant  Electro- 
meter connected  to  the  brushes  9,  10  for  different  positions 

round  the  commutaton   This  

curve  gives,  after  correction    ^ W 

for  current  into  the  resistance 
of  the  sections,  a  measure  of 
the  intensity  of  induction 
experienced  by  the  particular 
section  on  the  armature  as  it 
revolves.  The  sections  have 
been  numbered  with  regard  to  the  commutator  plate  con- 
nected to  ring  I  on  the  converter.  The  direction  of  rotation 
and  the  relative  positions  of  ring  i  and  sections  o,  i,  2,  3, 
etc.,  are  shown  in  Fig,  3.  In  each  experiment  a  curve,  the 
points  of  which  are  taken  every  10®,  was  observed  for 
sections  o,  3,  6,  10,  13,  16,  19,  23,  Three  complete  experi- 
ments, f,  2,  3,  are  being  dealt  with  in  this  section  of  the 
paper,  and  the  observed  curves  are  shown  respectively  in 
Figs»  7,  8,  9*  The  curves  are  numbered  o,  3,  6,  lo,  13,  16, 
19,  23,  corresponding  to  the  particular  sections. 

In  each  experiment  a  set  of  deduced  curves  has  been 
obtained  from  the  above,  showing  at  a  chosen  moment  the 
variation  of  potential  difference  between  adjacent  segments 
round  the  commutator.  These  curves  have  been  corrected 
for  the  potential  difference  due  to  current  into  resistance  of 
the  different  sections,  and,  on  the  assumption  of  constant 
angular  velocity,  give  a  measure  of  the  intensity  of  induc- 
tion at  different  points  at  the  moment   considered.     tVe 


Fig.  3. 
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correction  to  he  applied  is  shown  in  Table  111.  The  circle 
of  reference  is  shown  in  Fig.  lo  with  regard  to  the  pole- 
pieces,  and  the  epochs  chosen  for  these  deduced  curves  are 
when  section  o,  and  radial  connection  to  ring  i,  are  at  120°, 
1410,  1620,  1890,  210°  2310,  2510,  2790.  The  results  for 
experiments  i,  2, 3  are  given  respectively  in  Figs.  11, 12, 13,  in 
each  of  which  curve  120  means  that  section  o  is  at  120° 
(Fig.  10)  at  the  moment  considered,  and  so  on  for  141, 
162,  etc. 
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It  is  now  necessary  to  find  the  currents  in  the  converter 
armature  at  the  moments  when  section  o  is  at  120°,  I4i<>,  162°, 
etc.  For  any  position  of  the  converter  armature  we  require 
the  position  of  the  contact-maker  between  brushes  11 
and  1 2,  in  order  to  find  the  actual  values  of  A,,  Aa  and  V  at 
that  moment.  From  V,  the  amperes  A  in  the  external 
circuit  can  be  found,  since  A  =  V/R  ;  R  being  a  manganin 
strip  which  with  leads  has  resistance  '474  ohms  in  each 
experiment  i,  2,  3.  If  the  armatures  C  and  G  were  exactly  in 
phase  mechanically,  the  generator  contact-maker  would  read 
59  when  the  brushes  11,  12  make  contact,  and  when  section 
o,  and  radial  connection  to  ring  i  of  the  converter,  are  at  90^ 
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(Fig,  lo).     In  each  experiment  the  mean  mechanical  phase- 
difference  is  known,  and  the  converter   lags,  so  that  the 
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reading  on  the  generator  contact-maker  scale  for  any 
position  of  the  converter  armature  in  each  experiment  is 
known.  The  values  of  At,  Aa  and  V  have  been  found  from 
the  curves  at  the  moments  when  section  o^and  connector  lo 
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ring  I,  are  at  120^,  i4i<3,  162'',  etc  and  these  are  tabulated  in 
Table  H. 

In  this  tM^-ophase  converter  there  are  four  radial  con- 
nectionj  to  the  slip  rings  i,  2,  3,  4,  and  unless  two  of  these 
are  under  the  brushes  7.  8,  there  are  three  arcs  to  be  con- 
sidered between  the  main  brushes  7.  8  on  each  side  of  the 
armature.  These  are  lettered  <i,  6,  t,  and  Fig.  10  shows  the 
position  of  the  armature  when  section  o.  and  radial  connec- 
tion to  ring  I,  are  at  120^.  From  the  electrometer  deflection 
the  signs  and  magnitudes  of  the  amperes  A,  A,,  Aa  are 
known,  so  that  the  signs  and  magnitudes  of  the  currents  in 
the  arcs  <i,  6,  c  can  be  found.  These  are  set  forth  for  each 
experiment  in  Table  11.  Knowing  the  currents  in  the  arcs 
a,  6,  t ,  and  the  resistance  of  these  arcs,  the  potential  difference 
due  to  such  currents  has  been  found.  V  has  been  corrected  in 
order  to  find  the  E.M.F.  From  the  speed  and  convolutions 
of  the  armature,  the  total  induction  in  the  armature  has  been 
calculated  in  C.G.S.  units.  The  total  area  of  each  of  the 
deduced  cur\-es,  after  correction  for  current  into  resistance, 
in  Figs.  II,  12,  13  has  been  found  in  square  cms.;  so  that  the 
\^lue  of  an  ordinate  of  i  cm.  is  given  in  total  C.G.S.  units 
per  10®,  by  dividing  the  total  induction  by  the  area  in  square 
cms. — I  cm.  horizontally  corresponding  to  10**.  The  area 
corresponding  to  10°  is  the  length  of  the  armature,  cor- 
rected for  fringing  (39*5  cms),  multiplied  by  173  cms.  This 
enables  us  to  find  the  induction  per  square  cm.  at  the  con- 
ductor. The  angles  embraced  by  a,  b,  c  are  know^n,  and 
hence  the  average  value  of  the  induction  per  square  cm.  for 
each  arc,  for  each  position  of  the  armature,  has  been  found. 
The  number  of  conductors  on  the  surface  of  the  armature 
embraced  by  90°  is  52  ;  from  this  and  the  angles  a,  b,  c  the 
number  of  ampere-bars  have  been  found.  From  these  data 
the  average  force  for  each  arc  has  been  calculated. 

The  curves  i,  2,  3  in  Fig.  14  show  for  experiments  i,  2,  3 
respectively  the  average  force  acting  on  the  armature  for  its 
different  positions  over  a  half  period.  The  force  has  varia- 
tions in  each  experiment,  having  a  periodic  time  half  that 
of  the  converter  armature.  Experiment  3  suffers  greatest 
variation,  and  changes  sign  twice  during  the  half  period. 
The  average  forces  over  a  half  period  in  time,  due  to  one 
half  of  the  armature,  given  by  the  curves  in  Fig.  14,  are 
4*34>  5'i8,  and   4-62  lbs.  in  experiments  i,  2,  3  respectively. 
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tbe  cQincrta-.  This  is  t0  be  jajcoMiited  for  by  cl?  losses 
IB  the  3xmaiart  condoctora^  n^Dctic  hT^ertesisi  toduced 
C3xrrents»  and  boidiy  bcariq^  aod  wind  frktiCMi.  Tlie 
actual  (TR  kiss  has  been  cakaifated  {tarn  Table  IK 
Tb^  tog^faa^  with  tbe  ^lat^  atctdaied  from  tlie  mem 
foro^  shoeld  equal  tbe  total  dissipalioii,  Tbe  agreemcol 
is  fairfy  good  in  expoim^ilB  i  and  3,  but  not  sd  good 
in  e^qseriment  2,  In  this  ^cperiment  (Ko.  2)  tbe  v^iralioiis 
of  indttctjon  dcxKity  are  gr^l,  ami  to  this  the  author 
attribute  tbe  lai^  loss  in  spite  of  diminisbed  a^«ntge 
itiduction  density*  It  is  interesting  to  note  that  with  the 
h^esl  power  factor  (€3Cpcriment  t)  the  C*R  loss  in  the 
armature  ts  small  as  compared  with  what  would  be 
experienced  if  the  machine  were  an  ordinary  direct-current 
generatOTp  and  that  this  loss  can  be  exceeded  by  i^xrkin^ 
the  converto"  ^ith  greatly  lagging  or  leading  currents. 


Magnetisation  and  DtsTORTioN  due  to  Armature 
Currents. 

In  an  ordinary  direct-current  dynamo,  if  the  brushes  7,8 
be  fixed  on  the  neutral  line,  the  de-magnetising  effect  due  to 
the  current-bars  on  each  side  of  the  brush  is  zero,  I  n  a  rotary 
converter  the  case  is  different,  since  with  the  main  bruslicsi 
on  the  neutral  line  the  ampere-bars  on  each  side  may  have 
different  magnitude  and  the  same  sign.  As  an  approKimation 
we  may  confine  our  attention  to  the  l>elt  between  the  ctvrncrs 
of  the  opposite  pole-pieces.  In  this  macliine  the  angle 
embraced  is  68^  above  and  below  the  axis.  The  currents 
in  these  arcs  are  known  as  well  as  the  number  of  baiN, 
and  the  net  ampere-turns  are  plotted  in  Fig.  15  in  terms 
of  time.  Curve  r  shows  that  the  resultant  effect  is  small, 
and  this  is  the  case  in  which  the  currents  Ai,  A«  are  nearly 
in  phase  with  the  E.M.F-  which  would  be  observed  if  the 
converter  were  run  as  a  generator  on  open  circuit.  The 
currents  actually  lag  by  a  small  angle  (4'5'')  and  one  would 
expect  a  small  magnetising  effect •      The  average  ^m^^^ve- 
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observed  potential  diflFerences  Vi  Va,  have  a  bearing  upon 
power  factor.  If  the  converter  excitation  be  kept 
normally  constant,  we  see  that  the  volts  Vi  Va  only  agree 
in  phase  with  the  E.M.F.  as  a  generator  on  open  circuit 
when  the  current  lags,  as  in  experiment  3,  and  then  the 
mechanical  phase  difference  is  (p.  As  the  excitation  of 
the  generator  is  reduced  the  volts  V,  Va,  as  well  as 
amperes  Aj  Aa,  are  accelerated  in  phase  until  current  is 
nearly  in  phase  with  E.M.F.  (Expt.  i),  and  the  mechanical 
phase  difference  is  2(f.  In  this  case  the  power  factor  is 
not  a  maximum,  since  the  amperes  A,  Aa  lag.  On  further 
reducing  the  excitation  of  the  generator  the  amperes  Ai  Aa 
and  volts  Vx  Va  come  into  phase,  and  after  this  the  current 
overtakes  potential  difference  and  leads  as  in  experiment  2, 
the  mechanical  phase  difference  being  63°.  During  reduc- 
tion of  generator  exciting  current  the  volts  V,  Va  would 
be  continuously  reduced  in  amplitude,  as  well  as  accelerated 
in  phase  for  constant  speed  and  constant  current  on  the 
direct-current  side  of  the  converter. — March  25,  1900.] 

When  observing  the  curves  in  Figs.  7,  8,  9,  at  certain 
points  near  the  main  brushes  the  electrometer  deflection 
was  unsteady.  The  limits  of  the  variation  are  shown  by 
the  two  lines  under  one  curve  number.  The  C.R.  correc- 
tion is  important  at  these  positions,  and  may,  together  with 
the  acceleration,  be  connected  with  the  effect  observed. 

When  the  connectors  to  rings  i  and  3,  and  2  and  4  come 
under  the  main  brushes,  the  potential  differences  observed 
between  the  rings  and  the  main  brushes  respectively  should 
be  equal,  provided  the  brush  contact  and  leads  have  a  small 
enough  resistance.  The  following  figures  taken  from  the 
curves  show  that  such  resistances  in  this  machine  are  not 
small  as  compared  with  the  resistances  of  the  leads  and 
armature.  The  conditions  may  have  changed  between  the 
observations,  but  the  result  is  worth  noting. 
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\n  the  case  of  closed  coil  machines  (mixed  phases)  the 


IQ 


I,  2,  and  3,  00  111 
I  and  3p  and  rii^ 
of 


2  and  4, 


across  r^  f% 
than  is  the  case  in  acpcrii»ent$  it 
2,  3,  but  tbe  peawdic  time  is  still  half  thai  of  the  conivitir 

lo  expenmezits  2  and  5  the  converler  is  just  on  the  pcHiil 
of  falling  out  of  step.  Any  further  diminiitioii  cif  the 
generiior  eiscitijig  curroit  woiild  make  it  do  sfk 


COKCLtTSIOKS  FROM   EXPKRIMKKT^, 

The  exp^menls  show  the  magnitude  of  di^^tiirhancc 
which  may  be  produced  in  the  angular  \'ii^lodty  of  a  iotAr\» 
converter  by  a  joint  in  the  belt  used  to  dnvt  the  ^^iirrAtor 
of  alternate  currents.  The  result  points  to  the  iiuportaiice 
of  employing  an  even  turning  moment  in  connection  with 
direct-coupled  engines  and  generators* 

The  experiments  on  armature  reaction  in  tht«  two-phaae 
rotary  converter,  demonstrate  that  currents  in  plniHc  with 
E.M.F*  which  would  be  observed  if  the  converter  were  rim 
as  a  generator  on  open  circuitj  have  little  or  no  effect  toWAfdi 
magnetising  or  de-magnetising  the  magnets,  and  thiit  higging 
and  leading  currents  respectively  magnetise  and  de*mactictise 
the  magnets.  The  disturbance  is  a  periodic  function,  the 
time  of  which  is  half  that  of  the  converter  ;irmjUurc,  and 
makes  itself  felt  at  the  main  brushes  of  the  converter.  The 
distorting  effect,  due  to  the  currents  in  the  armature,  h»i*i 
also  a  periodic  time  half  that  of  the  armature. 

The  torque  actually  experienced  by  the  armature  for  all 
phases  of  current  has   fluctiiations  of  pctiodk  V\m<i  >wi>X 
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that  of  the  armaltire.  The  experiments  confirm  the  result 
obtained  in  the  prerioiis  paper,  namelyp  that  the  mechanical 
pha:^  dispbcement  of  the  armature  is  !^s  with  strong  than 
with  weak  fields. 

With  grt^lly  la^i^  or  leading  curr^its  the  dissipation 
of  energy  in  the  copper  conductors  of  the  converter 
aritiature  may  be  greater  than  the  dissipatioti  which  m^ould 
occur  in  the  same  armature  if  used  as  a  geneiator  to  give  the 
same  direct  current* 

Attention  is  called  lo  the  importance  of  symmetry  in  a 
iystem  in  which  mixed  phases  are  employed^ 

The  results  of  the  experiments  in  this  and  the  previous 


Fig.  14- 

paper  referred  to  are  made  use  of  in  the  following  note  on 
the  regulation  of  rotary  converters, 


The  Regulation  of  Rotary  Coj^verters. 

The  simplest  case  is  that  in  which  the  exciting  current 
in  the  magnet  winding  of  the  converter  is  supplied  by  an 
external  source  and  kept  normally  constant^  as  in  the  fore- 
going experiments.  If  it  be  taken  as  a  condition  that  the 
potential  difference  between  any  two  points  in  the  direct- 
current  circuit  of  the  converter  must  be  kept  constant  for 
all  loadS;  then  the  E,M,F.  of  the  converter  must  be  increased 
as  the  load  increases.  If  a  current  in  phase  with  E,M^F, 
as  a  generator   on   open    circuit   neither    magnetises   nor 


M3m  BBGnaiTOK  or  ftoTiOcT  €oxvacn»^ 


ior 

at  aD  lends,  die  KMJF.  cwMt  be 
cBcitii^  camnt  in  llie  laagMl  odA* 
la  tbcse  ciiinmslaiicci  the  riiitiiig  cuTPent  must  be  in* 
fscaaod  uitii  die  kad.  We  mMf  caoskkr  llw  folkiwii^ 
c^^  in  which  comrol  is  effected  by  tlie  geoeralor, 

«{i)  Suppose  vift  do  load  on  conipata^  di^t  the  hekl  is 


Fii;*  Tj. 


siich  as  to  produce  a  lagging  current.  Then  lo^dini;  the 
converter  will  reduce  lag  of  current^  and  sinco  a  lagguig 
current  magnetises,  the  volts  on  the  direct*carrent  yide  will 
drop  ;  if  carried  far  enough  a  leading  current  and  further 

de-magnetisation  wilt  result, 

(2)  Suppose,  with  no  load  on  converter^  the  field  \s  sucli 
that  a  lagging  current  exists,  and  that  the  applied  alternate* 
current  potential  difference  increases  as  the  load  vv\ciu.'asi«^* 


* 
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So  far  as  the  applied  alternate-cuirent  voltage  is  concerned 
the  phase  of  current  will  tend  to  be  increased*  So  far  as 
load  is  concerned  the  phase  of  current  will  tend  to  be 
decreased.  The  actual  effect  on  the  phase  of  current  will 
be  that  due  to  the  resultant  of  an  increased  applied  potential 
difference  and  an  increased  load.  The  result  may  be  an 
increased  amplitude  of  lagging  current,  magnetising  suffi- 
ciently to  produce  the  required  E,M.F. 

(3)  Suppose,  with  no  load  on  the  converter^  the  excitation 
is  such  that  the  current  leads.  Increased  load  will  tend  to 
cause  a  greater  lead*  If  the  applied  alternate-current  poten- 
tial difference  be  increased  witli  the  load^  this  will  tend  to 
reduce  phase  of  current-  if  this  be  carried  far  enough,  the 
converter  may  have  a  greater  E.M.F,  due  to  armature  re- 
action giving  maximum  power  factor  for  maximum  or 
average  or  other  load, 

{4)  Suppose,  with  no  load  on  converter,  the  excitation 
be  such  that  current  is  in  phase.  Increased  load  will  tend 
to  make  the  current  lead,  increased  applied  potential  differ- 
ence will  tend  to  reduce  lead  and  may  cause  a  lag*  If  the 
net  result  is  to  keep  to  maximum  power  factor,  the  volts 
will  drop  on  direct*current  side  of  converter  for  constant 
exciting  current. 

Suppose  we  propose  to  regulate  by  variation  of  the  con- 
ditions in  the  line  wires  between  the  source  of  energy  and 
the  converter.  It  is  stated  that  reactance  is  made  use  of  for 
this  purpose.*  We  may  neglect  the  effects  of  capacity  and 
possible  resonance.  We  have  here  to  consider  the  effect  of 
such  added  reactance  upon  phase  of  potential  difference  and 
current  as  well  as  upon  amplitude.  It  must  be  remembered 
that  such  reactance  is  only  one  item  in  the  circuit,  and  it 
must  be  made  sufficiently  important  to  effect  the  desired 
result.     The  following  cases  may  be  considered, 

(a)  Suppose^  with  no  load  on  converter,  the  excitation  is 
such  that  the  current  lags,  and  produces  a  magnetising 
effect.  Let  the  reactance  in  the  line  wires  be  great,  and 
by  some  automatic  device  let  it  be  reduced  as  the  load  on 
the  converter  is  increased.  So  far  as  reactance  is  concerned 
it  will  tend  to  diminish  phase  difference  between  current 
and  potential  difference,  at  the  same  time  increasing  applied 

'  3f0unud  Insi.  Ela,  Bug.,  11^  voU  aotvili  No,  137,  p,  734, 
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potential  diffa-ence-  So  far  as  the  converter  is  concerned, 
increased  applied  altemale-current  potential  difference  and 
increased  load  act  in  opposite  sens^.  The  result  might  be 
an  increased  E.M<F,  vnih  a  still  lagging  cwrent  of  greater 
amplittide. 

O)  Suppose^  with  no  load  on  converter,  the  excitation  is 
such  that  current  leads.  In  this  case,  if  the  reactance  be 
automatically  increased  as  the  load  is  increased  there  mill 
be  a  tendency  to  decrease  lead  of  current  on  the  part  of 
increased  reactance,  and  the  applied  volts  will  be  lower.     In 


0O& 


Fifi,  16, 


the  converter,  diminished  applied  potential  difference  and 
increased  load  will  each  tend  to  make  current  lead.  The 
net  result  should  be  a  current  diminishing  in  lead  as  the 
load  is  increased  in  order  to  give  the  desired  increase  in 
E.M.F*  of  the  converter.  This  might  have  to  be  carried  so 
far  that  current  lags. 

It  is  usual  to  supply  rotary  converters  with  compound 
windings.  Under  these  circumstances  the  field  excitation 
increases  with  the  load.  An  over-excited  converter  acce- 
lerates current,  and  the  author  presumes  that  the  increased 
reactance  is  such  that  its  tendency  to  cause  a  lag  is  such 
that  the  net  result  is  a  maximum  power  factor  for  the 
average  or  maximum  load  with  sufhciently  increased 
E.M.R 

(y)  Suppose  the  field  such  that  with  converter  on  open 
circuit  current  is  in  phase,  and  we  vary  reactance  m  ^v\cVi 
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wise  that  it  aiitomaHcaUy  dtminishes  as  the  load  on  the 
converter  is  increased*  A  dtminished  reactance  will  tend 
to  accelemte  current^  and  the  applied  potential  difference 
will  be  increased.  So  far  as  the  converter  is  concerned, 
increasing  its  applied  volts  and  load  act  in  opposition*  The 
net  resuU  should  be  a  current  sHghtly  lagging  in  order  to  in- 
crease E*M*F.  sufficiently  to  compensate  for  increased  C  R 
drop. 

In  a  choking  coil  the  tangent  of  the  angle  of  lag  between 
applied  volts  and  current  varies  as  L/R,  where  L  is  a  sup- 
posed constant  self-induction  coefficient  and  R  is  the  resist- 
ance of  the  coiL  In  the  case  of  long  lines,  the  resistance 
may  become  important  and  tends  to  reduce  the  angle  of 
either  lag  or  lead. 

Automatic  devices  for  varying  the  reactance  if  con- 
structed with  moving  parts  may  be  too  slow  to  follow  up 
the  rapid  fluctuations  met  with  in  traction.  The  author 
inclines  to  the  opinion  that  the  expense  and  complication 
due  to  compounding  rotary  converters  might  be  done  away 
with*  It  becomes  a  question  as  to  whether  the  simple  shunt 
winding  with  the  necessary  apparatus  for  \urying  the  react- 
ance would  again  entail  as  great  an  expense  and  be  as 
efficient, 

la  making  use  of  the  simple  shunt,  it  should  be  noted 
that  vi^ith  arrangements  for  increasing  the  potential  difference^ 
say  between  the  brushes  on  the  direct-current  side  of  the 
converter,  there  is  a  means  for  automatically  increasing  the 
shunt  current.  This  should  be  considered  in  the  particular 
cases  mentioned  in  this  note,  as  it  was  there  assumed  con- 
stant. Again,  the  experiments  show  that  the  mechanical 
phase-difference  is  diminished  with  strong  fields  ;  this 
should  be  considered,  as  it  has,  in  the  author's  opinion,  an 
important  bearing  in  connection  with  the  hunting  of  con- 
verters. From  this  point  of  view,  it  would  be  best  to  work 
into  a  condition  of  stronger  held  as  the  load  is  increased  if 
field  variation  is  imperative  ;  but  if  not^  the  field  intensity 
should  be  high  so  as  to  reduce  armature  reaction, 

Mr.  F.  E.  L.  Hurst,  Student -Demonstrator  in  the 
Siemens  Laboratory,  King's  College,  London^  has  assisted 
me,  not  only  in  the  experiments,  but  in  the  working  out 
of  results.  Mr.  R.  D.  T.  Alexander  has  also  given  me 
assistance  in  the  experiments.  To  these  gentlemen  I  wish 
to  tender  my  thanks. 
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THE    AIR-GAP    INDUCTION    IN    CONTINUOUS- 
CURRENT   DYNAMOS, 

By  C.  C*  Hawkins^  M.A.,  Member,  and  R.  Wightman, 

Associate, 

Although  the  principles  which  govern  the  distribution 
of  the  magnetic  induction  in  the  air-gaps  of  the  continuous- 
current  dynamo  are  well  known,  yet  there  are  certain 
points  in  the  predetermination  of  the  complete  curve  of 
induction  under  and  beyond  the  pole-faceSp  which  merit 
detailed  consideration,  The  subject  is  of  especial  import- 
ance in  connection  with  the  question  of  commutation, 
since  upon  the  predetermination  of  the  fringe  of  lines 
which  form  the  reversing  field  between  the  pole^edges 
must  largely  depend  our  forecast  as  to  whether  a  particular 
machine  will  be  free  from  sparking  or  otherwise, 

h 

Since  the  actual  field  in  the  air-gaps  of  the  dynamo  is 
the  resultant  of  the  weakened  symmetrical  field  (due  to 
the  magnet  winding,  as  weakened  by  the  back  ampere- 
turns  of  the  armature)  and  the  cross  field,  the  first  step 
towards  determining  the  distribution  of  the  lines  right 
round  the  armature  must  be  to  map  out  the  weakened 
symmetrical  field,  and  upon  this  the  distorting  effect  of 
the  cross  ampere-turns  must  afterwards  be  superimposed* 
When,  however,  we  come  to  the  interpolar  region ^  the 
problem  must  even  at  this  early  stage  be  simplified  by 
limiting  ourselves  to  one  more  or  less  general  case  out  of 
the  great  variety  of  forms  which  it  may  take.  The  dis- 
tribution of  the  hues  between  the  pole-edges  is  affected 
by  the  configuration  of  the  magnetic  circuit  in  general, 
and  by  the  shape  of  the  poIe-tips  in  particular;  it  further 
depends  on  the  position  and  number  of  the  exciting  coils 
per  magnetic  circuit.  ILg.f  in  a  tw^o-pole  iron-clad  dynamo 
having  tlie  yoke  passing  close  on  either  side  of  the  armature 
and  excited  by  a  single  coil,  the  interpolar  field  will  be 
very  different  from  that  of  the  same  armature  and  pole- 
pieces  with  two  exciting  coils  symmetrically  placed  and  the 
yoke  so  far  away  that  leakage  into  it  from  the  armature 
may  be  neglected.     Again,  even  in  the  ordinary  over-type 
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single  horseshoe,  the  interpolar  field  at  the  upper  surface 
of  the  armature  will  be  different  from  that  at  the  lower 
surface.  Some  general  case  which  will  give  results  more 
or  less  accurate  when  applied  to  particular  machhies  must 
be  assumed,  and  in  the  expression  *'  weakened  symmetrical 
field  "  used  above  it  is  implied  that  the  field-magnet  system 
is  perfectly  symmetrical  with  regard  to  the  armature,  as,  for 
instance,  in  a  two-pole  machine  when  the  total  excitation  is 
divided  between  two  equal  coils  placed  above  and  below 
or  one  on  each  side  of  the  armature.  It  is  further  assumed 
that   the  yoke  is  so   far  from  the  armature  that  its  effect 


Fig.  1. 

need  not  be  considered  (Fig.  i)*  Within  the  bore  of  the 
pole-pieces  the  lines  in  the  interferric  gap  may  be  taken  as 
radial  and  as  uniform  in  density  over  some  85  per  cent,  of 
the  polar  arc*'  For  about  7J  per  cent,  of  the  arc  at  each 
end  of  a  pole-face  the  lines  begin  to  curve  outwards  and 
their  density  diminishes.  Beyond  the  pole-tip  their  path 
becomes  more  and  more  curved,  and  as  a  preliminary 
approximation  it  may  be  assumed  that  for  all  lines  lying 

'  Tiius  in  the  curves  rtfpruducetl  m  Stikftw  AhstmdJi,  voL  t.,  part  9,  while 
the  poie*facc  extends  over  135^,  the  density  is  pnictically  uniform  over  some 
no*;  and  in  Dr.  Hopkinson* s  curves  {Dytiannj  Machitftfj,  pp.  14a  ff.)  Ihe 
straight-line  portion  which  marks  tb«  limits  of  uniform  density  in  the 
syroroetrical  field  extends  over  alx>ut  100*  out  of  ^  total  po\^c  wcv^U  oS.  \\i?. 
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between  a  pole-tip  and  the  symraetricul  diameter  their  path 
m  theairinaybe  divided  into  two  portions — {i)  a  curved 
portion,  the  length  of  which  is  a  constant  multiple  of  the 
periplieral  distance  measured  on  the  armature  core  from 
the  line  joining  pole-tip  and  armature  centre  to  the  point 
at  which  the  induction  is  to  be  estimated ;  and  (2)  the 
normal  length  of  the  single  air-gap,  /^.  Thus,  in  Fig*  i, 
let  c  =  the  distance  m  cm.  measured  on  the  periphery  of 
the  armature  core  from  the  vertical 
line  of  symmetry  VS  up  to  the 
radius  drawn  to  the  pole-tip.  Let 
X  =  the  distance  in  cm.  between  the 
point  A  at  which  the  induction  is 
l>eing  estimated  and  the  line  of 
symmetry.  Then  the  path  of  the 
lines  entering  the  armature  at  point 
A  has  a  length  £(c  --  x)  +  /^  w^here 
I  is  the  constant  multiplier  of 
which  the  value  must  be  estimated  from  the  drawingi 
^(c  -  x)  being  the  curved  portion,  and  /^  the  straight 
radial  portion  which  must  be  added  to  S  (c  —  x)J  The  \^lue 
of  £  depends  entirely  upon  the  shape  of  the  pole-tips,  and 
must  be  estimated  by  drawing  arcs  of  circles  having  for  their 
radii  the  distance  from  the  pole-tip  to  the  end  of  the  straight 
radial  portion  of  the  paths*  Figs,  2  and  3  will  serve  to 
show  the  method^  and  the  latitude  with  which  any 
tixed  rule  must  be  interpreted  in 
order  to  suit  any  particular  shape* 
If  the  pole-tips  are  not  chamfered  off 
so  as  to  increase  their  radial  distance 
from  the  core  and  their  shape  'be 
simple,  the  following  construction 
may  be  employed  to  determine  $, 
If  the  circle  of  the  bore  be  con- 
tinued from  the  pole- tip  up  to  i  the  line  of  symmetry 
(Fig*  4)pand  any  point  A  be  taken  on  it,  let  y  be  the  angle 
in  radians  enclosed  between  the  pole-edge  B  C  and  the 
chord  from  the  pole-tip  to  the  point  A*     Then  the  length 

'  The  above  convenient  appro?ctmalion  h  due  lo  J.  Fischer-Hinnen 
^Ekktroh'chmsdtc  ZHtschrift^  1*^3,  voK  xiv>,  pp.  53-57)1  tt^id  h  probabjy  very 
fairly  accurate;  near  the  liiie  of  symmctrvt  but,  as  will  be  seen  later,  requires 
modihciiilow  near  the  puk*-**'^^ 

*  L/^.  Emil  Dkk  in  t  Jtc  Z<i($t:ht'ift,  18*^8,  vol  xix.,  pp.  802-806, 


Kjo.  j. 


IX  CONTIXUOUS  CrRREXT   DYKAMOS, 


139 


of  the  curved  portion  of  the  path  is  y  times  the  chord  C  A, 
For  different  points  7  evidently  alters  slightly^  and  £  is 
therefore  not  strictly  constant ;  but  if  the  point  A*  midway 
between  V  S  and  C  be  taken  as  in  Fig.  4,  the  ralue  for  £ 
derived  from  the  angle  y  so  obtained  may  with  reasonable 
accuracy  be  assumed  to  hold  for  all  other  points^  and  may 
therefore  be  used   as  a  constant  multiplier.     The  arc  CA 

being  equal  to  the  arc  (r  —  x)  raised  in  the  proportion  — —^ 

where  r  is  the  radius  of  the  armature,  and  7  in  a  two-pole 
dynamo  with  pole-tips  as  shown  being  approximately  120^, 
the  chord  C  A'  works  out  to  about  1^05  times  the  arc  {c  —  x) 
which  is  measured  on  the  armature  core,  whence  the  curved 

portion  of  the  path  =7  x  1-05  {c  —  x),  or  S  =  '  ir  x  1*05 
=  nearly  2' 2. 


„',..-f- 


i         N 
i 

3 

Fry.  4. 

A  numerical  llluslration  will  render  the  above  clearer. 
Thus  in  an  armature  of  I4"=35'6cni.  diameter,  l^  was 
i'42  cm.  and  £  =  2-1  as  estimated  from  the  drawing*  The 
angle  subtended  by  the  pole-face  was  140^,  whence  the 
distance  on  the  cure  from  a  radius  intercepting  the  pole-tip 

to  the  line  of  symmetry  was  35 '6  cm*  x  tt  x  ^r-^  =  6*2  cm. 

At  the  pole-edge,  x  ^  c=^b'2  and  £(c  —  .r)  +  /^  —  ^j*  —  i'42* 
while  on  the  line  of  symmetry  x-^o  and  |(r  —  ^)  +  /^^  = 
21  (6"2)  +  1*42  =£  14-42 ;  hence  for  every  degree  of  advance 

away  from  the  line  uf  symmetry,     -  =  '6 J  c\\\.  \uv\sV  V>c 
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deducted  from  the  length  i4'42.    We  thus  obtain  columns 
I.  and  II.  of  the  following  table  : — 


TABLE   I. 


I. 

Angle  from  line  of 
sjTnmctry  =  a. 

II. 

21  (C-X)  +  /^ 

III. 

Corrected. 

O" 

14-42 

14-42 

2« 

I3I2 

13 

4" 

11-82 

"•5 

6° 

10-52 

10 

8" 

9-22 

8-6 

IO° 

7-92 

7-17 

12° 

6-62 

5-8 

M" 

5*32 

4*2 

i(f 

4-02 

3 

iS*' 

2-72 

2*4 

20° 

1-42 

1-95 

22*^ 

17 

24° 

1-5 

26° 

1*44 

28° 

1*43 

300 

1*42 

On  plotting  columns  I.  and  II.,  as  in  the  dotted  upper 
curve  of  Fig.  5,  it  is  evident  that  the  change  as  we  pass 
from  outside  to  inside  the  pole-face  is  too  abrupt  (since  the 
curve  consists  of  two  straight  lines  meeting  at  an  angle), 
and  must  in  fact  be  more  gradual.  As  has  already  been 
stated,  the  length  of  path  of  the  lines  towards  the  pole- 
corner  is  not  absolutely  radial,  and  only  becomes  so  some 
IQO  within  the  pole-face,  i.e.  about  7J  per  cent,  of  the  polar 
arc.  Further,  the  curved  portion  of  the  path  in  reality 
becomes  straighter  as  we  approach  the  pole-tip,  so  that 
^  (c  -  x)  should  decrease  more  rapidly.  It  is  therefore 
convenient  to  adopt  some  such  conventional  rule  as  the 
following  :  instead  of  making  ^{c  —  x)  -\-  Ig  decrease  to  /^  at 
the  pole-edge,  let  the  maximum  value  be  diminished  to 
zero  at  the  pole-edge,  and  let  the  angle  of  intersection  be 
rounded  off  between  the  limits  of,  say,  30°  and  15°.  This 
construction  makes  allowance  for  the  decreasing  value 
which  ^  shnuld  have  as  the  po\e-l\p  *\s  ^ppvo^dcv^di. 
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B^  -  the 


The  full-line  curve  of  Fig,  5  is  thus  obtained,  from 
which  the  corrected  values  for  the  length  of  path  given  in 
the  third  column  of  Table  I.  are  derived.  As  a  matter  of 
fact  for  the  purpose  of  considering  the  reversing  field,  it 
is  not  so  important  to  determine  the  field  close  up  to  the 
pole-tips,  as  the  brushes  are  seldom  advanced  so  far  even  at 
full  load. 

Next  must  be  considered  the  difference  of  magnetic 
potential  acting  along  the  above  paths.  Let 
normal  induction  over  the  polar  arc 
(except  at  the  extreme  edges)  at  full 
load,  so  that  B^,  x  2  /^  «  1*257  ^^» 
where  X^  ==  the  ampere-turns  required 
by  the  double  air-gap.  Let  i^  =  the 
distance  in  cm,  from  the  radius  inter- 
cepting a  iV,  pole-tip  to  the  radius 
intercepting  an  adjacent  6\  pole-tip 
measured  aloiig  the  outside  of  the 
armature  core  (/.f*  2c  in  Fig,  i).  Over 
this  length  the  armature  induction 
(neglecting  the  lines  of  the  pole-fringe) 
may  be  considered  to  have  a  uniform 
value  B^;  then  /{B^)  /„  =  1*257  ^f 
where  X^  =  the  ampere-turns  required 
to  overcome  the  armature  reluctance. 
In  a  preliminary  calculatioji  a  certain 
value  of  the  angle  of  lead  is  assumed, 
giving  a  certain  number  of  back 
ampere-turns,  Xf,  The  exciting  power 
required    between   the  poles   is   then 


5~  j^~isrBfM5'ser 

/4/7tflie  from  line  c/ 
Si^mmettff. 

Fig,  5. 


Aa    —    X(ir    +     JVn    +    A&- 

At  the  pole-tip  the  difference  of  magnetic  potential  between 


X 

pole-tip  and  core  is  in  CGpS.  units  1*257     ^  ' 


As  the  line  of 


symmetry   is 
creases  until 


approached,  this   difference  of  potential  in- 
at  the  line  of  symmetry  it  has  the  value  of 

Between   the   limits    of    pole-tip    and    hue  of 


symmetryi  the  fall  of  potential   due  to   the  armature  re- 

luctance  may  be  taken  as  uniform,  or  =  —^ — ^  P^r  degree 

2  tr 

of  arc,  where  0  is  half  the  interpolar  angle  (Fig- 1).    Similarly 

the    fall    of    potential  due   to   the   back  ^im^^ve-Vutus  \% 
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^^     ^  per  degree  of  arc,  where  X  is  the  angle  of  lead. 

Thus  the  difference  of  potential  between  the  pole-tip  and 
any  point  A  distant  from  the  line  of  symmetry  by  an  angle 

a°  is  1-257  (-^^+  lft~  )  "P  *°  ^^^  ^"^1^  of  l^^^i  ^"^ 
between  this  and  the  line  of  symmetry  is 

If  a  number  of  values  for  x  and  a°  be  taken,  the  induc- 
tions that  would  be  due  to  the  above  difference  of  potential 
acting  over  the  paths  of  corresponding  length  as  given  by 
column  IIL  can  now  be  worked  out.'     The  values  decreiise 

from  B^  under  the  pole  to  B;*  =    ^'^57  ^t  at  the  line  of 

symmetry.  This  induction  B^"  may  be  regarded  as  the 
density  of  the  lines  that  would  enter  the  core  on  the  line 
of  symmetry  due  to  one  magnet  coil ;  it  is  at  the  same 
time  the  density  of  the  lines  that  would  leave  the  armature 
core  due  to  the  other  magnet  coil ;  the  two  inductions 
neutralise  each  other  and  the  resultant  is  zero  as  required* 
The  effect  of  the  second  magnet  coil  between  the  line  of 
symmetry  and  the  pole-tip  furthest  away  from  it  still  has 
to  be  considered  ;  it  is  measured  by  an  amoujit  decreasing 
from  B^"  to  0  under  the  opposite  polcj  and  as  BJ,"  is  not 
itself  large,  it  may  be  taken  as  decreasing  uniformly  per 
degree  of  inter  polar  arc,^  and  the  value  thus  given  for  each 
degree  must  be  subtracted  from  the  inductions  due  to  the 
first  magnet  coil. 

In  the  same  armature  as  before,  the  angle  of  lead  we 
assume  to  be  X  5=  10°  with  232  conductors  and  a  total 
armature  current  of  160  amperes.  The  commutator  has 
116  sectors,  and  each  section  of  the  armature  thus  consists 
of  one  loop  of  two  bars.  The  time  of  short-circuit  corre- 
sponds to  an  angle  of  5-2°  ;  i,e.f  if  the  angle  of  lead  be 

'  It  may  appear  an  tmneccssary  refinement  to  take  rnto  account  X«  and 
X^  as  in  the  abovt:  approximation^  but  unless  some  such  allowance  h  made 
for  them  the  process  cannot  be  satisfactorily  carded  out  for  the  entire 
periphery  of  the  armature* 

^  This  method  must  necessarily  he  only  apprt^ximately  true,  but  is  pro- 
tsably  sufficiently  accurate*  Mr.  J.  Fischer  Hinnen's  method  (*"  Continijou*- 
current  Dynamos/' p.  J!i7)  is  open  to  the  t^bjection  that  it  does  not  make  the 
htduclfon  cijssume  its  ttonnal  viilue  t\eav  the  polu-tip. 
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>ned  from  the  line  of  symmetry  up  to  the  centre  of 
arush,  short-circuit   begins  at  7*4°  and  ends  at  I2"6^. 
The   width    of    one    loop    corresponds    to    an    angle    of 

^^=  1*55^      There    is,   therefore,   at   the    beginning   of 

short-circuit  a  band  of  pure  back  amper€4iirns '  covering 
(7*4—  1*55)  X  2=  11*7°,  and  at  the  end  of  short-circuit 
(12*6—  1-55)  X  2  =  22*i<>.  There  is  also  the  unbalanced 
pair  of  loops  corresponding  in  position  to  the  short-circuited 
loops,  but  near  the  traihng  pole-tip*  These  are  at  the 
beginning  of  short-circuit  partly  back  and  partly  cross 
ampere-turns,  so  that  there  will  be  little  error  in  assigning 
one  loop  to  the  back  ampere-turns  and  one  loop  to  the 
cross  ampere-turns,  while  at  the  end  of  short -circuit,  since 
they  are  nearer  to  the  pole-tip,  they  may  both  be  regarded 
as  cross  ampere-turns.  Hence  at  the  beginning  of  short- 
circuit  the  band  of  back  ampere-turns  has  a  width  of 
117  +  v$s  ss  13-25°,  and  at  the  end  of  short-circuit  a  width 
of  22*1%  and  since  their  variation  produces  but  httle  effect 

on  the  total  field,  their  average  width  of    ^  -- — — »  =  say 

ty^f  may  be  taken*  Correspondingly  the  band  of  cross 
ampere-turns  at  the  beginning  of  short-circuit  has  a  width 
of  162' I  <*  plus  one  loop  (^  V5S°)t  ^^  »  t^^t^'  ^f  '^3*^5"  and 
at  the  end  of  short-circuit  a  width  of  isr?*  plus  the  width 
of  two  loops  {^  yi^)^  ur  a  total  of  I54'8<>:   their  average 

width  is  therefore      ^    ^     — ^^p  =  ^y  i^^''- 

The  ampere-turns  or  magneto-motive  force  between 
either  pole  and  the  line  of  symmetry  can  now  be  calculated 
in  the  usual  manner. 

i  ^Sl*-f~  B^ X Ig  =  5,040  X  1  42  =^,150 

400  or  20  per  degree  of  intcrpolar  yirc 

Xj  231      17*     160  ,  ... 

■  ^*S7r=*'^57X  T  ^3^^  r^"   550 or  SS  fwr  degree  of  lead 


3e 


1^57 


X, 


S.ioo 


*  Set-  **Arin*liirc  Rcictkin  and  the  Theory  of  Sparking/'  EUitritmn^ 
V,  7       ("Vf  *i  prcdtitrmi nation  of  the  reverting  field  in  winch  the 

^!:  d  txul3»  nni-il  he  re|i.ird«Ed  as  etitninnttd^  tht  r<^\a«fm^  cai!lo\\a^\wv 

lit  rv.Lnj  iv  ncccsa*ry ;  hut  H  it  ii  mrrelj required  to  dcktmuw  V\\t  vi.umWt  «A 
[j^irt  rn  the  inng€t  ^  *^>«  ^  dimply  cilcuUXe^  Iroin  tV\c  m\^k  oV\i:^. 
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Thus  for  each  degree  within  the  angle  of  lead  20  +  55  = 
75  units  of  magnetic  difference  of  potential,  and  for  each 
degree  without  the  angle  of  lead  20  units  have  to  be  de- 
ducted from  the  maximum  difference  of  potential  between 

pole- tip  and  line  of  symmetry,  ix.  from        57 /V 

TABLE  II. 
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When  column  6  of  symmetrical  induction  is  plotted 
(thiivline  curve,  Fig,  6)  the  interpolar  induction  is  seen  to 
be  a  concave  cur\"e,  rising  from  zero  on  the  line  of  symmetry 
and  rounding  off  into  the  horizontal  line  of  uniform  density 
under  the  poles. 

The  cross  field  due  to  the  cross  ampere-turns  of  the 
armature  next  has  to  be  superposed  upon  the  weakened 
symmetrical  field.  The  paths  of  the  cross  field  will  be 
approximately  the  same  over  the  air-gaps  as  those  of  the 
symmetrical  field,  and  will  therefore  have  the  same  values  as 
in  the  third  column  of  Table  I.  Up  to  o  -  A  =  10^,  the 
/ull  number  of  cross  ampere-turns  are  acting,  so  that  the 
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magneto- motive  force  acting  on  a  single  air-gap  is 
1*257  ^  ^  -r^o  ^  -;—  =  5180.     After  passing  the  angle 

of  lead,  the  number  of  cross  turns  must  be  reduced  down 
to  zero  on  the  diameter  at  right  angles  to  the  line  of  sym- 
metry ;  hence  for  every  two  degrees  5J„  x  2  =  130  C.G.S. 

unit^  (column  7  in  Table  11.)  must  be  deducted.  The 
curve  of  cross-induction  which  results  from  the  above 
(column  8  in  Table  IL  and  dotted  curve  of  Fig,  6)  rises 
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Fig.  6, 


gradually  as  an  inclined  straight  line  from  zero  at  a  point 
midway  under  a  pole  up  to  a  maximum  just  short  of  the 
pole-tip,  and  then  descends  in  a  concave  curve  to  a  second 
minimum  value  on  the  hne  of  symmetry*  The  curve  of 
resultant  field  obtained  by  adding  together  algebraically 
the  ordi nates  of  the  symmetrical  and  cross  field  (columns 
9  and  10  and  thick-line  curve  of  Fig*  6)  shows  the  displace- 
ment of  the  neutral  line  (in  our  case  9^^  forwards) ;  the 
interpolar  field  falls  very  rapidly  from  its  high  value,  B^ 
near  the  trailing  pole- tip,  then  passes  more  gradually 
through  zero,  and  finally  rises  in  a  more  or  less  concave 
curve  to  its  value  B^'  under  the  leading  pole-tip. 

it  may  be  remiu^ked  that  with  a  given  magi\e\.  ^^cvV^^otv 
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and  brushes  fixed  on  the  line  of  symmetry^  there  can  be 

no  reduction  in  the  total  field  or  in  the  induced  E.M.F., 
however  much  current  is  taken  out  of  the  armature  and 
however  much  the  field  is  thereby  distorted*  This  is  at 
once  evident  from  consideration  of  the  resultant  field  as 
due  to  the  superposition  of  two  fields.  If  *r  cross  lines 
issue  from  the  upper  quadrant  of  the  armature  core  on 
one  side  of  the  symmetrical  line,  they  must  return  into 
the  core  by  the  lower  quadrant  on  the  same  side  of  the 
symmetrical  line  :  hence  the  field  is  as  much  strengthened 
in  one  half  ?i5  it  is  weakened  under  the  other  half  of  the 
same  pole.  This  corresponds  with  experimental  results, 
yet  does  not  seem  to  be  recognised  by  many  writers.  Thus 
in  Etigineenng,  Sept.  i6th,  1898,  two  curves  obtained  by 
experiment  are  given  by  Messrs.  Parshail  and  Hobart^  A  for 
field  excited  but  with  no  current  in  armature,  B  for  full-load 
current  in  armature  and  brashes  on  the  line  of  symmetry  : 
''the  distortion  is  then  at  a  maximum,  but  there  is  no  de- 
magnetisation/* Yet  the  authors  continue,  "  It  would 
have  been  expected  that  the  distortional  crowding  of  the 
lines  would  have  so  increased  the  maximum  density  as  to 
slightly  diminish  the  total  flux  at  the  excitation  used  j  this 
excitation  being  maintained  at  a  constant  value  throughout 
the  test.  The  integration  of  curves  A  and  B,  however,  gives 
equal  areas,  consequently  there  was  in  this  case  no  diminu- 
tion of  the  total  flux" — a  result  w*hich  need  cause  no 
surprise.  It  is  true  that  a  symmetrical  distribution  of  the 
field  requires  the  minimum  excitation  or  M,M.F.,  but  when 
there  is  distortion  the  additional  M.M.F.  that  is  required 
by  the  longer  and  more  saturated  paths  of  the  lines  is 
just  what  is  supplied  by  the  cross  ampere- turns  of  the 
armature  and  corresponds  to  the  self-induction  of  the 
aniiature  winding.  The  only  eflFect  of  the  saturation  of 
the  iron  of  armature  or  magnet  or  of  the  teeth  in  a 
toothed  core  is  to  cause  any  two  corresponding  portions 
of  the  cross  circuit  to  have  different  permeabilities,  so 
that  the  M.M,F,  of  the  cross  ampere-turns,  instead  of 
being  divided  equally  over  the  two  air-gaps  or  portions 
of  the  cross  -  circuit,  is  divided  proportionally  to  their 
different  reluctances.  Thus  saturation  of  any  part  of 
the  magnetic  circuit  simply  reduces  the  distortion,  hut 
never  reduces  the  total  Hux* 
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Next  when  the  brushes  are  given  a  forward  lead  in 
the  dynamo  or  a  backward  trail  in  a  motor,  if  the  effect 
of  the  back  ampere-ttirns  be  taken  into  account,  as  above, 
in  calculating  the  symmetrical  distribution,  there  is  for  the 
same  reason  no  possibility  of  any  further  reduction,  by 
the  cross  ampere-turns,  of  the  total  flux  of  this  weakened 
symmetrical  field,  however  much  the  distortion  may  be. 
Of  course  if  the  effect  of  the  total  armature  ampere- turns 
on  the  symmetrical  field  due  to  the  field- magnet  winding 
be  traced,  there  is  both  a  diminution  of  the  total  flux  and 
a  distortion  of  it.  In  dealing  with  armature  reaction  it 
is  therefore  important  to  clearly  state  whether  the  effect 
of  the  cross  ampere- turns  on  the  weakened  symmetrical 
field  is  alone  being  traced,  or  the  total  effect  of  the 
armature  on  the  field  of   the  magnet-winding. 

In  Professor  CarusAVil son's  "  Direct -Current  Motor/' 
pp.  269-276,  three  sets  of  curves  are  given  for  a  railway 
motor  at  half  load,  full  load,  and  a  50  per  cent*  overload,  the 
brushes  remaining  fixed  nominally  at  the  no-load  position. 
The  first  tw^o  show  practically  no  reduction  of  area  due 
to  armature  reaction  ;  the  third  shows  a  considerable 
reduction,  yet  if  the  brushes  were  originally  fixed  on  the 
neutral  points  of  a  symmetrical  tie  Id,  there  should  be  no 
reduction.  The  explanation  is  probably  to  be  found  partly 
in  the  increasing  internal  leakage  of  the  ring  armature,  and 
partly  in  the  un symmetrical  character  of  the  four* pole 
field,  two  of  the  poles  being  sahent  and  carrying  exciting 
coils,  while  the  remaining  consequent  poles  are  unwound. 
The  two  brushes  were  not  exactly  90^  apart,  but  even  so 
were  not  both  on  a  neutral  point  at  no  load.  There  is  in 
fact  no  true  line  of  symmetry  in  the  machine,  and  the 
armature  ampere-turns  were  not  therefore  throughout  the 
expermients  pure  cross  turns,  but  also  possessed  a  de- 
magnetising component.  This  is  indeed  shown  by  the 
curves  of  armature  field  alone  ;  in  these  even  for  the 
lowest  value  of  the  current,  when  any  saturation  effect 
must  be  inappreciable,  the  negative  areas  are  larger  than 
the  positive  areas,  although  they  should  be  of  the  same 
size  if  simply  due  to  cross  ampere- turns. 
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The  results  obtained  by  the  above  method  of  calculating 

the  flux-density  at  different  points  round  the  annature  have 
a  further  application  when  it  is  required  to  determine  the 
total  number  of  lines  which  form  the  fringe  surrounding 
the  polar  faces  and  add  to  the  voltage  of  the  machine  since 
they  are  cut  by  the  armature  conductors*  An  approxima- 
tion which  has  been  commonly  used  expresses  the  fringe 
permeance  as  that  of  an  equivalent  strip  of  air  of  uniform 
width  surrounding  the  pole-face,  the  length  of  path  through 
it  being  the  same  as  the  normal  /^»  so  that  when  acted  on 
by  the  difference  of  magnetic  potential  X^^^  the  normal 
induction  Bi;  holds  over  its  full  extent.  It  is,  however, 
advisable  to  divide  the  fringe  into  two  portions,  (A)  the 
inter  polar  fringe  along  the  edges  of  the  pole-pieces  parallel 
with  the  axis  of  rotation  in  the  ordinary  ring  or  drum 
dynamo,  and  (B)  the  end-fringe  from  the  Hanks  of  the 
poles  into  the  ends  of  the  armature  core. 

The  interpolar  fringe  may  be  calculated  by  integrating 
the  induction  between  the  pole-pieces  as  above  determined. 

The  end-fringe  may  similarly 
be  estimated  by  assuming  the 
path  of  the  lines  into  the 
ends  of  the  core  to  consist  of 
a  straight  portion  ig  and  a 
portion  of  a  circle  struck 
from  the  pole- edge  as  centre 
(Fig  7)jany  lines  which  spread 
beyond  the  edges  of  the  core  being  neglected.  Let  a  =*= 
the  distance  in  cm,  by  which  the  core  projects  at  each  end 
beyond  the  pole,  and  let  /j  =  the  length  in  cm.  of  the  polar 
arc  reckoned  on  the  mean  periphery  between  armature  core 
and  pole-face.    Then  the  permeance  at  each  end  is 


dx 


'tf  +  ^ 


where  S  is  again  a  constant  multiplier  dependent  on  the 
angle  which  the  edge  of  the  pole  makes  with^  the  surface 
of  the  armature  core. 
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The   integration   of    the  two   divisions  of   the   frin/re^ 
shows  th;it   for   dynamos  of    similar  type   the   interpokr 

fringe  is  affected  by  the  ratio  -r*  ^"^  ^^^  end -fringe  by  the 

ratio  y-     The  values  of  these  ratios  do  not  vary  much  with 

the  she  of  the  dynamo,  and  average  values  may  be  taken 
which  hold  within  wide  limits.    Thus  for  the  smooth -core 

armature,  j-  is  very  generally  =:  i,  and  y  =  4;  the  effective 
air-gap  area  can  then  be  expressed  as 

(L+  V2h){b  +  176/,)     .     •     .     .     .     (2> 

where  L  =  the  length  of  pole-face  parallel  to  tlie  axis  of 
rotation,  and  b  =  the  breadth  of  the  polar  arc.  Such 
an  approximate  formula  has  the  advantage  of  indicating 
the  relative  importance  of  the  two  dimensions  L  and  b^ 
and  may  be  compared  with  the  expression  used  by 
Dr.  Hopkinson  in  his  first  paper  on  '*  Dynamo- Electric 
Machinery/'  viz.  ;  (L  +  i"6  Q  (6  +  r6  /j  ;  the  latter 
giving  L/?+  vbbl^-\-  v6L,lg  +  2-55//,  and  the  former 
L />  +  ri  bif.  -t  176  L  4  +  2*11  //,  The  divergence  or 
equality  of  the  two  expressions  will  depend  on  the  pro- 
portions of  the  polar  length  and  arc. 

On  passing  from  smooth-core  armatures  with  long  air- 
gaps   to   short  air-space  dynamos,  the   ratios  -r  and  t-  are 

usually  considerably  increased,  and  it  is  shown  in  the 
Appendix  that  the  shortening  of  the  air-gap  without  further 
alteration  except  a  proportionate  reduction  of  X^  tends  to 
decri-'^ise  the  fringe  Hnes  expressed  as  a  percentage  of  the 
useful  flux  under  the  poles,  The  change  from  a  long  to  a 
short  air-space  is,  however,  usually  accompanied  by  the  con* 
version  of  the  smooth  core  into  a  toothed  core  with  open 
slots,  and  under  these  circumstances  X^  is  not  reduced  in 
the  same  proportion  as  /^,,  the  amount  of  divergence  being 
dependent  on  the  ratios  of  the  widths  of  slot  and  tooth  to 
the  air-gap.  The  induction  under  the  poles  in  toothed 
armatures  deserves  special  consideration.     If  the  whole  of 

*  For  the  steps  in  the  malhetnaticiU  proof   Ihe  reader  is  ref^redl  i^ 
Append  tir. 
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the  area  of  the  air  under  the  pole  be  reckoned  as  in  a 
smooth-core  armature,  and  this  be  divided  by  the  normal 
length  of  the  air-gap,  it  is  evident  that  too  high  a  value 
for  the  permeance  is  obtained ;  for  the  entire  area  of  the 
air-gap  is  thereby  assumed  to  be  uniformly  filled  with  the 
same  density  of  field,  whereas  the  lines  from  the  sides  of 
the  teeth  follow  a  longer  path  than  those  from  the  tips,  and 
so  are  less  dense.  If,  on  the  other  hand,  the  average  area 
of  teeth  and  pole-face  and  the  average  length  of  path  be 
taken  on  the  assumption  that  all  the  lines  enter  into  the 
faces  of  the  teeth,  too  small  a  value  for  the  permeance  is 
obtained,  since  a  large  portion  of  the  air-space  may  not  be 
utilised.    The  following  approximation  has  been  found  by 

PbLe 

'my/////A 


,,,, i 
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the  writers  to  yield  results  which  agree  well  with  experi- 
ment, and  is  suggested  as  a  basis  for  calculating  the 
permeance  of  the  air-gap  in  toothed  armatures.  Let  the 
lines  be  assumed  to  pass  in  straight  paths  from  the  pole- 
face  to  the  face  of  the  teeth,  and  in  straight  lines  joined  by 
arcs  of  circles  to  the  sides  of  the  teeth  within  the  slot 
(Fig.  8).      The    permeance    corresponding    to    a    narrow 

strip  at  the  side  of  a  tooth  is  then  i-7'e~v>  ^"^  *^^  total 

'C      IS* 

permeance  of  the  space  between  the  side  of  a  tooth  and 
the  centre  line  of  the  slot  is 


If  the  side  of  the  opening  into  the  slot  be  perpendicular 
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to  the  face  of  the  tooth,  £  =  ",  and  the  permeance  of  one 
side  of  a.  tooth 

=  2x^-3^  log  zIl±Al£ . 

The  total  permeance  of  the  air-gap  under  the  pole  is  there- 
fore 

P  =  L  L^  +  ^  log  (!!l*3+4is.M  ^  No.  of  slots  under  the  pole. 

=  L|f^.3.,3log(z.785*-);x-^^     .    .    .    (3> 

while  the  permeance  of  a  smooth-core  armature  with  the 
same  dimensions  would  be 


ig  \     Ifi       J       ita  +  A3 


A  table  *  can  then  be  constructed  for  the  values  of  w,  or 
the  ratio 


+i*:,^+r,3lo6(,+785^> 


these  values  being  the  factors  by  which  the  air-gap  perme- 
ance under  the  pole-face  as  calculated  for  a  smooth-core 
armature  must  be  divided  to  obtain  the  corresponding 
permeance  for  a  slotted  armature ;  or  vice  versa ^  m  is  the 
factor  by  which  the  X^,  as  calculated  for  a  smooth  core, 
must  be  multiplied  to  obtain  the  X  for  the  toothed  arma- 
ture. 

Finally  it  remains  to  ask  how  far  a  formula  for  the 
useful  fringe  which  is  based  on  a  smooth  armature  will 
hold  good  for  a  toothed  core.  An  inspection  of  Table  IV. 
shows  that  k^  and  k^  remaining  constant,  the  longer  l^  be- 

comeSi  i.e.  the  less  the  ratios  -J^  and  ^  are,  the  more  nearly 

does  the  air-gap  permeance  of  the  slotted  armature  ap- 
proximate to  that  of  the  smooth  core.  In  other  words,  the 
longer  the  path  of  the  lines  through  the  air  into  the  teeth, 

*  Sec  AppendiJt,  Tiibic  l\\ 
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*h^  e^s-  -  'hr  :rfrr:  jr  The  iroken  -urtace  of  rhe  irraature. 
Mor^^nvT.  X,  md  X*.  Tear  i  .ir^er  proportion  to  X^  in  rhe 
vjofher!  fnn;irur-.  ind  :hc  .ncreoae  .n  :hc  fnnsje  lines  -.vhich 
.voniri  -f-;ii|f  'her'.-:ri)m  ni.tv  le  taken  la  balancing  rhe  de- 
■^T'-Ttsf  vhich  'hrrrrr  \''jiiici  nc  ziu^e  up  ro  the  poie-<idjijo 
o^vi.nc;  'o  *he  pnr.srnci-  jt  "he  -iius.  Tile  :iumber  of  frin:{e 
iinfr^  ;-n;»v  -Ivrr'^rLP:  'le  'akcn  i.-  rhe  -ame  in  smootfa-oore 
.inri  11  ,ir,rtt:r:  ir:-rianirr>  rcr  "he  -anic  value  of  X.,.  Tlie 
ppjhlr-ni  *h;iT  .-.  pr-^entcci  :o  'he  iynarao  deaitjner  is.  how- 
^r:r7.  *<i  :;iic:ii;irc::  'ht:  vaiurr  jf  X.^  :<.r  .i  ^iven  rotai  number 
r»f  ipr-^  Z;  :n  *!ie  iir-v;ap  h«.rh  under  and  nitside  the  poic- 
iHCii^..  1  ififr  -htrn  'd  hr  ihic  :o  iividc  ±e  rotal  permeance 
hy  f;r  a^  j^y-.n  :n  Tii-Je  i\".,  V'z  :nu>r  nr-r  muitiply  /'  and  V. 
'■.«■  *h^!  '^■>nst;l:•.r  a,  imi  A-  "jf  Tabies  11.  .ind  IILMdv  :;/ : 
N.r 


•    ''     -    1  :'ri, 


-  J  L;y  -  J. .'  V  /f . 


Tn--^  »r*ft7itirjr  produces  rhe  required  eifecr  except  :n 
T'^ijar-I  *«>  *he  o.-^rncr  rVm^^e  iiiies.  bur  as  rhese  form  but  .i 
-m^iii  :;r''>por:r,ri  ot  rhe  whole,  rhe  error  rhcreby  introduceii 
rrufv  ■>;  r.^^lricted.  The  r.:tai  .iir-C-ip  permeance  oi  a 
rr,r/h':d  'iririrttrjf:  n^av  -hen  he  c.".nver.:erit:v  exrressed  as 


'L^    :-K: 


—    ://   K..  :'• 


■v; 


whiU:  the  aver'ige  ;r.di;c:;«;n  under  rhe  pi:lc-race  or  the 
fjiiotifrnt  ot  the  tor.u  ^>.efu!  rtux  divided  \^y  rhe  ettecuve 
area  ^f  'he  air-^jar.  >  rhe  ^tivie  r<'jrh  ir.  rhe  -Jmooth  and 
^'yAU-r\  ;ir:v.Jtti.ire,  v:/.. 


B,  = 


Z 


(L   -    K:-;;      ^    -    K, 
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A    - 


r>.:-:-.;:.A?:  f>:\ 


F;-.   '/}'.. '4:  J  or.     r,  trie  '-litior-ji-.-.i     :  nvi^r-.-'ic  roi--'::::.i:  bcrwecr.  tix 
j.^n;-?ij.  .i;.rl    ir.v   point   A   di-"w.i:-.:   rro:::  :.>.    [-.iic  .ii    -vr/.-.n-Jtrv   v  ci:i. 

Set  Arpendix. 
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where  ti  is  the  distance  measured  on  the  periphery  of  the  core  cor- 
responding to  the  angle  of  lead,  and  the  last  term  is  no  longer  to  be 
reckoned  when  x=:d.  The  length  of  path  of  the  lines  is  ^(c— j;)  -|-  /^,, 
the  slight  inaccuracy  in  this  assumption  which  has  been  pointed  out 
being  negligible  in  its  effect  on  the  total.  Hence  the  lines  of  the 
fringe  along  the  pole-edge  of  length  L  and  entering  any  small  strip  of 
width  d  X  parallel  to  the  pole-edge  and  passing  through  A  are 


1-257  (^'  +  -'^(^-^)-+  ^^(^  -'%  Ldx 

\2  2C  2d        / 


?(c-jr)  +  /^ 


2(lC  +  l^)        C 


the  latter  term  being  approximately  the  deduction  which  must  be 


Fig.  y. 

made  to  allow  for  the  influence  of  the  opposite  pole.    This  negative 
term  may  be  summed  up  at  once  as 

__  1-257  A'^cL 
The  other  items  may  best  be  summed  up  separately  ;  thus 


11257  X^.L 

2 


1257  X^.L    2.3     ,oj,?£.tJx 
2  '    l     '      ^      h 


f  dx —  il2 

J    (Kc  +  Q^Kx 
c 
o 
r257_X, .  L  r     ic^x)dx_    ^  i_;257  X.  L     i  /. _  2j  /^  j      5^+  lA 
2c         J   (Kc  +  l^)^Kx  2t  'i\  K     '    ^      Ig     / 


and 


1-257  X^ 

2d 


L   r    {d—x)dx 

d 
,  1-257 X,.L     ir,_2.3{^(^-^)+U  ,^p      ic  +  l,     \ 
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Thu>  the  lotdl  number  of  line?  :=  ir.c  :u  ■  latcrpolar  fringe*  i? 


^.^:,    9 x^ .    1 


t:  — The  Ex:    FKivt.K. 
The  ptTineancc  a:  cas.":.  ^r.d  :i  :"r.t  :i'-:alv:rL-  :> 


Mid  thi>  1^  acted  ■:•::  by  *  •^*  •'  ir.r  Uii'-.u:.  The  ingie  which  the 
edge  'A  the  pole  r.iike^  \v::h  the  >-ria*:«.  .t  the  anniture  !^  usiLiUy  lO 
a>  >ho\vn  :n  F:ii.  7.  whtr.Ci.  £=  '.  ar.ci  the  permeance  of  both  cnd> 
combined  1- 


'J'  :-  i-:-^'^ 


=  2.^a}  ■-.  lOy^  (  I  —   157  "    ) 


Thu>  the  tutal  numbrr  ■:■{  hne-  :r.  b'::: 
p'.Ie  arc 

.-7[x.jf;^lo.f:-i;5:f).- 


X: 

* 

^■ 

/ 

X 

1 
•  1 

:"■.■.  ^:de  and  end  fringe^  C4  a 


1    -.T  .^\ 


—  -   •  L 


X, . 


'•] 


X  L 


U' 


If  r  and  X .  are  reduced  in  tiie  >.iin^-  p:  opor* :o:i.  ;.c.  if  the  dynamo 
Ik'  converted  from  a  long-air- >pac\.'  to  a  >:]ort-.i:r->pace  machine  wth- 
out  further  alteration,  the  end  permeance  and  ihe  firH  item  oi  the 
interpolar  fringe  are  by  no  means  incrvaM.\i  in  proportion,  so  that  the 
percentage  cf  i:>eful  lines  out>ide  the  K^rei*.  lace  of  I'x'  p\nc  decrease. 
On  the  other  hand.  Xj  and  X.  remain  the  >»ime.  and  .'-  in  the  niinii> 
quamity  of  the  third  or  Xj  item  is  decrea>ed  more  t'MU  the  logarithms 
are  increased,  so  that  the  third  item  increases.  So.  t^v.  the  last  miniu> 
item   is  considerably  decrc;i>cd.      Hence  on  the    whole  there   i>  a 
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decrease  in  the  percentage  of  useful  lines  due  to  tlic  fringCi  but  tJib 
tr^cl  is  not  so  marked  as  might  at  first  sight  be  supposed. 

Smce  for  approximate  purposes  we  may  neglect  X«  and  X^  m 
comparison  with  X^  in  dynamos  with  smooth  core  and  long- air-space, 
in  which  case  X,  becomt^s  equal  to  X^^  the  complete  cxpretision  for  the 
lotal  number  of  useful  lines  entering  the  armature  core  both  under- 
neath the  polar  face  and  outside  of  it  may  be  put  in  the  simpler  form 

The  expression  within  the  brackets  [  ]  gives  the  total  permeance  of 
one  air-gap  as  so  far  determined,  and  may  also  be  written 

^  I   L  .  6  +  2^93  log  (i  +  ^'57;^)  ^  *  U 
+  |flcg(:  +  ^7f)-,-^}xL./,]    .    .    .(6) 
In  Fig.  10  let  the  central  rectangle  A  have  sides  of  length  I^  and  b 


1--- 


Fit. 


lo. 


respcctiveiy.  Its  area  will  then  represent  the  first  term  within  the 
bracket.  Produce  the  *'  L "  sides  of  A  in  both  directions  for  ii 
distance 

# 


l'  =  '^^o^(^^^■S^f^h. 


sc»  as  to  form  the  two  rectangles  B,  B*  This  distance  I'  is  then  the 
eflfecti%*e  width  of  the  end  fringe  rf  tlie  lines  he  supposed  to  have  a 
path  uniformly  of  the  norma]  length  /^. ;  and  the  area  of  the  two 
rectangles  together 


2  93  log  (i+  '57^:)  ft    h^ 
m  of  the  bracket.    Similarly 


which  is  the  second  term  of  the  bracket.    Similarly  by  making 
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the  area  of  the  two  rectangles  C.  C  together  eqoal  to  the  third  term 
is  obtained,  h'  being  the  etfectivc  width  of  the  interpolar  fringe. 

The  figure  thus  obtained   is  ;i  complete  rectangle   less  the  four 
corners  shown  shaded.    These  comers  with  a  very  near  degree  of 

approximation  represent   ;    x   the  permeance  of  the  comer  fringes, 

which  have  hitherto  not  been  taken  into  consideration.  The  area  of 
the  complete  rectangle  thus  gives  the  total  air-gap  permeance  diWded 
by/. 

=  }{  L+2.93  log  (1  +  1-57;;)  /.}  {^-h(f  log  (i+^^^-,-^J  /,} 


=;.!>-+ 


K../.}{ 


^  +  K..r 


) 


s 


(6) 


and  B^r  or  the  quotient  of  the  total  useful  flux  divided  by  the  effective 
area  of  the  gap  is 

(L  +  Kx^n>+  K, /^)' 

a  c 

The  following  tables  of  K,  and  K^  for  varying  \'alues  of  7  and  .-  arc 

•r         '* 
then   convenient   for  quickly  calculating  the  effective  ^^^dths  of  the 
fringes. 


TABLE   II. 


a  /  «»  \ 

^  Value  »»r  K,  :--  2.13  lof*  (  i  +  1-57  j^\ 


I'OO 

175 
200 


12 
I  54 
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c 

^f_t 

4*6  .. 

./.  .^\ 

c 

Kc  +  lr 

5=  1-6 

1-8 

2 

2-2 

2-4 

2-6 

4 
5 
6 

7 
8 

1-96 

219 

2-38 
2-56 
270 

1-85 
206 

2-23 

2*39 

252 

176 

1-95 
210 
225 
2-37 

167 
184 
1-99 
212 
224 

1*59 
175 
189 
201 
212 

152 
167 

r8o 
1-91 
201 

For  smooth-core  armatures  the  average  values  are  7-  =  i,  ?  =  2, 
and  7-  =  4,  whence  the  virtual  air-gap  area  is 

(L-hi-2y  (6  +  i76y (2) 


TABLE   IV. 

Values  of  m. 


*3 

*2 

•5 

75 

1-0 

1-25 

15 

175 

2*0 

'5 

\       109 

107 

106 

105 

104 

104 

103 

75 

115 

I-I2 

IIO 

109 

108 

107 

ro6 

I  00 

I-2I 

118 

115     1 

113 

112 

III 

no 

1-25 

128 

124 

I-2I 

118 

116 

115 

113 

1-5 

i'34 

129 

126 

1-23 

I-2I 

119 

117 

175 

1-41 

1-35 

I-3I 

128 

125 

123 

1-21 

2-0 

1*47 

1-41 

136 

I '33 

130 

1-27 

1-25 

Owing  to  the  necessity  of  avoiding  eddy-currents  in  the  pole-pieces 
the  maximum  value  of  y  should  not  exceed  2,  and  the  minimum  value 
to  avoid  too  much  inductance  will  not  be  less  than  say  '$. 
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NOTICE. 


!•  The  Institutton's  Library  is  open  to  members  of  all 
Scientific  Bodies,  and  (on  application  to  the  Secre- 
tary) to  the  Public  generally. 

2.  The  Library  is  open  (except  from  the  14th  August  to 
the  IBth  September)  daily  between  the  hours  of 
11,0  a,m.  and  8,0  p/nn.,  except  on  Thursdays,  and 
on  Saturdays,  when  it  closes  at  2.0  p.m. 


An  Index,  compiled  by  the  late  Librarian,  to  the 
first  ten  volumes  of  the  Journal  (years  i872-8i)»  and  an 
Index,  compiled  under  the  direction  of  the  late  Secretary, 
to  the  second  ten  volumes  (years  iSSa-gi],  can  be  had 
on  application  to  the  Secretary,  or  to  Messrs-  E,  and 
F.  N.  Spon,  125,  Strand,  W.C,  Price  Two  Shillings  and 
Sixpence  each. 


Extracts  from  the  Private  Letters  (i  836-1 839)  of  the  late 
SIR  WILLIAM    FOTHEHGILL  COOKE, 

RELATING  TO 

THE  INYENTION  AND  DEVELOPMENT  OF  THE  ELECTRIC 
TELEGRAPH. 

Witb  Portraiti  fac -similes  of  Sketches  occurring  in  the  Letters,  and  of 
some  of  the  Origii>al  Handwriting,  * 

Price  3s. 

Copies  may  be  obtained  on  application  h  the  Publtshcnt  Messrs,  E.  anu 
F.  N.  Spon,  LiifiTet>,  125,  Stratul  or  h  the  SccreUty  of  the  Institution  of 
Elcctncat  Engtncti^,  2B^  Victoria  Streit^  Westmimter. 


Applications  for  ispat:e  for  Advertisements  in  Ihh  Joum*i]  $ijould  be  mudtr 
to  the  Secretary  of  the  Institution,  2%  Victoria  Slr^tl^^AV,,  fn^m  whom  parti- 
caiar^  ^3  to  term^  imiy  be  obtaltted^ 
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Of  THE  [TMfc.  NEW  vcr^: 

I  PimUC  LIBRARY. 

Institution  of  (L-ltrtrituI  (•'nginccrs. 

Founded  1871.       Ituorpomkd  18;  3.TiL»eN  fouwoATtowB* 


Vol.  XXIX.  1900.  No.  145. 


The  Three  Hundred  and  Forty-Fourth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  In^ititution  of 
Civil  Engineers,  25,  Great  George  Street,  Westminster, - 
on   Thursday  eveningp    March    22nd^    1900,    Professor 
J.  Perry,  F.R^S,,  Vice-President,  in  the  Chain 

The  Minutes  of  the  Ordinary  General  Meeting  held  on 
March  8th,  1900,  were  read  and  approved. 

The   names  of   new   candidates  for    election   into  the 
Institution  were  announced,  and  it  was  ordered  that  the 

list  should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council  :— 

From    the    class    of    Associate    Members    to    that  of 
Members — 

Charles  Sheldon  Thoiti-^on,  M.Sc, 

From  the  class  of  Associates  to  that  of  Members- 
August  Eckstein. 
From  the  class  of  Students  to  that  of  A^^sociates — 

William  Shiart  Boyd. 
Claud  Crompton, 
Jame.s  Albert  Seager, 

Messrs,   J.  Roberts  and  H.  M.  Sayers  were  appointed 
scrutineers  t)f  the  ballot  for  new  members. 

Donations  to  the  Benevolent  Fund  were  announced  as 
having  been  received  since  the  Anrmal  Genera\  M^ieVvu^CiW 
February  glh,  amounting  to  £1$^    16s.  6d,  \i\   ^W,  lto\xv 


WMSm    ^TOfLIGC  1UTTVST  g«Wtfnft%. 


Tbe  Imawkwrcat  Eledric  L^mp 
I ;  The  Aroo  Ekctrici^  Meter,  IJmitgd  ; 
RroieBior  Aroo  ;  The  Gcoend  Electric  Conipmv,  Umitcd  ; 
UmmL  FaOt,  Staddmrnii  ft  Co.;  Messrs.  P.  Orm^on 
ft  Co, ;  Mr.  H.  Ednsinids,  Mr.  S.  W.  Msrttn  ;  The  British 
Ifsabled  Wire  CompiaT,  Mn  H,  Hellman,  Messrs,  &  Heine 
Hrotbere,  Mewv  J.  C/Fulkr  &  Soo^,  Me^^^^n^  Pinckbeck 
BroOicny  Tbe  Stom  Electric  Conspeuiy,  Hooper's  Telc^nqih 
Works  Company,  Ltmited ;  Mr.  F.  Samuelsoti,  Messrs.  E. 
Malihem  ft  Col,  and  Mr.  Allan  F.  B^di. 

liOftaliofts  to  the  Building  Faad  were  anooQnced  as 
having  been  received  since  the  last  meeting  from  Mesas. 
B.  Balaji^  N.  J.  Broiriie«  T.  B.  Murray,  and  Edward  Dixon. 

Tbe  lhank»  of  the  meeting  wene  accorded  to  the 
donom* 

STORAGE  BATTERY  PROBLEMS. 

By  E.  j.  Wade,  Assodate. 

PART  I. 

E%^ery  one  who  has  gi%^cn  any  thought  to  the  principles 
itnder lying  the  chemical  storage  of  electrical  energ\'  must 
at  M>ine  time  or  another  have  been  struck  by  the  extraordi- 
nary fact  that  in  spite  of  the  theoretical  reversibility  of 
every  galvanic  com  hi  nation —^and  their  name  1:=  legion^ — vet 
one  and  nnc  only  out  of  the  whole  number  is  commercially 
feasible  ;  so  that  at  the  present  day  storage  cells  may  at  once 
be  classified  thus  : — 

Pi  ;ictical :  Lead— sulphuric  acid — lead  peroxide  cells. 

Unpractical  :  All  others. 

Such,  however,  being  the  state  of  affairs^  it  appears  a 
fairly  Kafe  inference  that  this  special  combination  must 
possess  distinctive  features  not  shared  by  any  other,  or  at 
least  by  any  other  whose  cost  is  not  prohibitive ;  and  on 
examination  this  sooji  proves  to  be  the  case. 

Several  noteworthy  features,  each  contributing  towards 
itH  success^  might  be  cited ;  but  the  really  unique  cha- 
racteristic of  the  combination  as  a  whole  lies  in  the  fact 
that  the  electrodes^  the  active  materials,  and  the  compounds 
produced  from  them  are,  under  every  normal  condition 
of  use^  all  insoluble  m  tlie  electrolyte  employed. 
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In  every  other  gaK^nic  combination  with  which  com- 
mercial storage  has  been  attempted,  one  or  both  of  the 
electrodes  or  active  materials  have  been  soluble,  and  this 
solubility  has  in  the  long  run  invariably  proved  fatal.  If  a 
soluble  negative  is  used,  and  the  majority  of  the  attempts 
made  have  been  in  this  direction  by  substituting  zinc  for 
lead,  the  metal  can  only  be  redeposited  effectively  under 
certain  conditions,  and  for  a  limited  numl>er  of  times.  H 
the  positive  is  soluble,  as  for  instance  in  the  early  attempt  of 
Messrs.  Thompson  &  Houston  to  adapt  the  Daniell  cell  to 
storage  purposes,  there  is  the  additional  trouble  that  itn 
soluble  salt  inevitably  reaches  sooner  or  later  to  the 
negative  electrode^  where  it  is  also  deposited  and  sets  up 
destructive  local  action.  The  latter  objection  of  course 
applies  to  all  kinds  of  fluid  depolarising  agents. 

For  these  amongst  other  reasons,  the  difficulties  in  the 
way  of  constructing  successful  storage  cells  with  soluble 
electrodes  hav^e  up  till  now  proved  insurmountable ;  while 
a  second  combination  which  follows  the  lines  of  the  lead 
accumulator  and  only  forms  insoluble  couipounds  at  both 
poles  yet  remains  to  be  discovered.  "  So  advantageous, 
howeverj  to  the  electrical  industry  might  he  the  results 
attending  the  introduction  of  an  altogether  new  type  of  cell, 
possessed  of  greater  capabilities  than  those  no\V  in  usCp  and 
so  considerable  should  be  the  reward  of  its  inventor,  that 
the  subject  well  merits  further  investigation  and  experiment 
in  both  directions  ;  but  I  incline  to  the  apparently  para- 
doxical opinion  that  the  solution  of  the  problem,  if  any, 
will  be  an  insoluble  one.  Also,  I  think  that  considering 
the  extent  to  which  the  field  has  already  been  worked  over, 
success  is  most  likely  to  be  attained  by  the  utilisation  of 
some  of  the  less  studied  and  more  obscure  reactions  into 
which  the  metals  enter. 

On  ttu-ning  our  attention  again  to  the  lead — sulphuric 
acid — lead  peroxide  combination,  the  storage  cell  of  com- 
merce, a  second  remarkable  fact  encounters  us.  We  find 
that  although  these  cells  have  now  been  manufactured 
and  used  on  a  large  commercial  scale  for  close  upon  twenty 
years,  and  during  that  time  have  been  the  subject  of 
frequent  laboratory  investigations,  it  is  not  yet  definitely 
settled  what  are  the  exact  physical  and  chemical  changes 
taking  place  in  them.     Now  this  is  a  most  unsatisfactory^ 
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state  of  aftnirs.  If,  as  is  not  impossible,  we  may  always 
have  to  depend  on  this  one  combination  for  all  practical 
electric  storage,  it  becomes  of  the  greatest  importance  to 
determine  whether  its  capabilities  have  already  been 
developed  to  their  utmost  limits;  or,  if  not,  in  what  direc- 
tions further  advances  are  possible  ;  but  how  can  this  be 
done  wnthout  any  certain  basis  to  work  from  ? 

The  last  fifteen  years  have  witnessed  more  improvements 
in  lead  accumulators  than  might  at  first  sight  be  apparent 
from  an  inspection  of  the  cells  themselves^  for  they  have 
consisted  not  so  much  in  any  radical  alterations  of  type,  as 
in  a  better  understanding  of  the  methods  of  treatment,  the 
processes  of  manufacture  and  the  proper  proportions  and 
relations  of  the  various  component  parts.  A  general  re- 
adjustment, in  fact,  of  many  details  all  tenduig  towards  one 
common  end,  and  resulting  in  an  apparatus  far  better  able 
to  meet  the  requirements  of  its  users* 

On  the  other  hand  there  are  indications  that  empirical 
experimenting  has  nearly  reached  its  limits,  for  1  do  not 
think  that  many  of  these  improvements  have  been  made 
very  recently*  It  is  true  that  within  the  last  few  years  there 
have  been  numerous  attempts,  as  the  Patent  Office  records 
bear  eloquent  witness,  to  reduce  the  weight  of  the  cells  in 
order  better  to  adapt  them  for  traction  purposes  general ly^ 
but  more  especially  for  use  in  electric  automobiles*  Time 
and  trial  have  already  pronounced  their  judgment  on  most 
of  them.  A  few  survive,  but  whether  their  sum  total  of 
usefulness  shows  any  increase  over  earlier  types  appears  to 
be  doubtful.  It  has,  of  course,  long  been  known  that 
weight  could  be  considerably  reduced  at  the  expense  of  life 
and  durability,  if  circumstances  rendered  it  desirable  to  do 
so  ;  but  unless  the  one  factor  is  improved  without  depre- 
ciating the  other,  that  in  itself  hardly  constitutes  any  real 
advance.  On  this  question  of  weight  versus  durability, 
however,  the  views  of  members  who  have  had  actual 
experience  with  the  later  and  lighter  types  of  cells  would  be 
of  much  use  and  value. 

The  preceding  considerations  must  be  my  excuse  for 
devoting  a  considerable  portion  of  this  paper  to  a  discussion 
^  racic^nf  the  theoretical  and  chemical  questions  connected 

that  the  eJec  tor  if  1  can  help  to  throw  light,  or  be  the 

produced  froui ^ny  further  light  thrown  on  this  part  of 

of  use,  a/J  insok 
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the  subject,  I  may  after  all  be  doing  the  most  practical 
service  possible. 

Personally  I  have  no  doubt  that,  as  far  as  any  explana- 
tion based  solely  on  the  results  of  chemical  analysis  can 
help  us,  the  "double  sulphation  "  theory  gives  the  nearest 
approximation  to  what  does  or  should  take  place  on 
discharge.  Put  shortly,  this  theory  maintains  that  on 
discharge,  lead  at  the  negative  and  lead  peroxide  at 
the  positive  react  with  sulphuric  acid  in  the  electrolyte 
and  are  both  converted  into  normal  lead  sulphate,  water 
being  eliminated  at  the  positive  ;  and  the  reactions  are 
expressed  chemically  in  tliL  following  well-known  equa- 
tions ; — 

At  the  negative  electrode — 

Pb  +  SO^  =  PbSO^  ; 
at  the  positive  electrode — 

PbO^  +  Ha  +  H2SO4  =  PbSO^  +  2H^0 ; 
and  the  sum  of  the  reactions  at  both  electrodes — 
Pb  +  2HaS04  +  PbO^  ^  zPbSO^  +  iH^O. 

I  have  advisedly  said  that  this  is  the  "  nearest  approxi- 
mation "  to  the  discharge  reactions,  for  the  above  statements, 
if  taken  literally  and  without  considerable  mental  reserva- 
tions, especially  with  regard  to  the  very  definite  facts 
embodied  in  the  equations,  are  probably  inaccurate,  and 
certainly  open  to  question  in  nearly  every  particular. 

In  the  first  place,  it  is  doubtful  whether  negative  active 
material  is  simply  lead,  Pb,  using  the  word  and  symbol 
without  any  qualification  and  in  their  usual  sense  as  applied 
to  the  ordinary  metallic  form  of  that  substance,  if  for  a 
negative  electrode  of  spongy  metal  electrolytically  prepared , 
we  substitute  one  containing  metallic  lead  in  as  line  a 
state  of  subdivision  as  it  is  possible  to  procure  it  by  purely 
mechanical  means,  such,  for  instance,  as  lead  dust  or  lead 
wool,  no  practical  storage  capacity  can  be  obtained.  The 
evidence  seems  to  show  that  the  spongy  lead  at  the 
negative^  in  addition  to  its  extreme  poTO?>Kl^,  ^o%s&&?*^% 
djsUiicti\^   chemica/  properties  and   is    a    ttue    aWoIiqjI^ 
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modtficatian   which    enters    info    combination    ijomewhat 
differently  to  how  lead  does  in  its  normal  condition. 

M,  Darrieus,  who  uas,  I  believe,  the  first  to  propound 
thisi  view  of  the  nature  of  the  negative  active  materirtt^  has 
shown  that  the  E*M,F*  of  various  galvanic  combinations  in 
which  cluctrolytically  prepared  lead  is  employed  is  -3  to  ^4 
volts  higher  than  that  obtained  by  substituting  ordinary 
aheet  nietaK  This  proves  that  the  former  must  be  in  an 
abnormally  active  slate;  and  the  same  fact  is  shown 
chemically  by  the  extreme  readiness  with  which  negative 
active  material  oxidi*^es  when  (exposed  to  the  action  of  the 
air,  the  combination  taking  place  so  rapidly  that  the  heat 
liberated  very  considerably  raises  the  temperature  of  the 
electrode. 

Secondly,  there  is  some  reason  for  believing  that  the 
pc^sitive  active  material  is  not  normal  lead  peroxide,  PbOa, 
if  we  adapt  as  our  standard  for  that  compound  the  residue 
left  after  treating  red  lead  with  dikite  nitric  acid,  which 
certainly  has  a  proportional  composition  agreeing  with  this 
formula,  Mr.  FitzGerald  drew  attention  to  the  point  in 
i8<)o,  the  evidence  being  of  a  somewhat  similar  nature  to 
that  just  adduced  in  the  case  of  the  negative  active  material, 
namely  a  diflference  in  the  E.M»F.s  generated  by  the  tw'o 
substances*  The  probability  is  therefore  suggested  that  the 
crystalline  electrolytically  prepared  peroxide  of  a  positive 
electrode  is  also  an  allotropic  modification  and  not 
identical  with  the  amorphous  anhydrous  peroxide  obtained 
by  chemical  means ;  but  in  this  case  the  matter  is  com- 
plicated by  Mr.  FitzGerald's  further  observation  that,  as  far 
as  his  experience  goes,  the  electrolytic  peroxide  is  always 
hydrated.  While  then,  for  lack  of  more  definite  knowledge, 
still  using  the  formula  PbOj,  it  must  be  considered  only 
provisionally  correct* 

Thirdly,  the  usual  equations  are  very  misleading  as  to 
the  nature  and  composition  of  the  discharge  products* 
Quite  apart  from  the  confirmation  afforded  by  analysis^  the 
most  casual  examination  shows  that  the  active  materials 
are  never  fully  sulphated  by  the  time  the  discharge  is 
completed,  no  matter  under  what  conditions  it  is  taken 
nor  how  small  the  quantity  of  active  materia!  employed, 
Evmi  with  the  me^jn^^lg^of  spongy  lead  and  lead  per- 
foxide  the  same  fa 
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Thi^  is  indeed  only  one  aspect  of  the  more  general 
objection  which  has  been  urged  by  Mr,  F'itzGerald  for 
many  years  past,  that  the  very  definite  discharge  equation 
must  have  some  equally  definite  E,M.R  corresponding  to 
it,  no  matter  what  may  be  its  absolute  \^iue ;  whereas  the 
E.M.F.  of  a  discharging  cell  is  a  constantly  varying  one. 
Even  grail  ting  that  the  small  but  rapid  drop  of  E.M*F- 
generally  observed  during  the  finit  few  minutes  of  a  dis- 
charge is  Ihe  result  of  special  reactions  not  allowed  for  in 
the  equation,  and  that  the  complete  and  sudden  loss  of 
voltage  which  ends  the  discharge  is  also  brought  about  by 
causes  beyond  its  scope,  yet  the  fact  remains  that  through* 
out  the  normal  and  useful  portion  of  the  discharge  lying 
between  these  two,  the  E*M,F-  is  slowly  but  steadily  falling 
all  the  time. 

Even  the  assumption  of  the  partial  conversion  of  either 
of  the  active  materials  into  normal  lead  sulphate,  PbSO^, 
under  ordinary  discharge  conditions,  is  Jiot  to  be  recon* 
ciied  with  their  observed  behaviour,  which  is  in  many 
respects  incompatible  with  the  presence  of  large  per* 
centages  of  that  substance*  To  instance  one.  Normal 
lead  sulphate  is  probably  quite  irreducible  if  not  un- 
peroxidisable,  in  a  dilute  sulphuric  acid  electrolyte  of  the 
strength  ordinarily  used  in  storage  cells,  provided  all  Ihe 
muli'Hai^  are  tibsoIntfly  pun%  for  the  smallest  traces  of 
impurities  make  a  remarkable  difiference  in  this  respect. 
But  however  that  may  be,  there  is  iio  doubt  as  to  its 
being  acted  upon  with  extreiue  slowness,  under  the  most 
favourable  conditions  in  admixture  with  other  materials 
of  a  more  conducttvc  nature,  and  then  only  with  an 
excessive  outlay  of  energy  in  proportion  to  the  result 
obtained  ;  whereas  both  the  active  materials  can  be 
brought  back  to  their  original  states  of  lead  and  lead 
peroxide  with  great  rapidity  and  the  expenditure  of  very 
little  more  current  than  is  theoretically  necessary.  This 
discrepancy,  as  well  as  the  alinQst  complete  masking  of 
otiier  properties  of  the  normal  sulphate,  can  hardly  be 
explained  as  due  to  its  state  of  extreme  subdivision  and 
intimate  admixture  with  unaltered  active  material,  for  under 
certain  welt-known  conditions  of  treatment  it  does  appear 
in  full  possession  of  its  distinctive  colour  and  with  its  non- 
conductivity  and  irreducibility  aggressively  \n  evv&ttvc^. 


bto  WAUL     WOUMiiL  yjiTTZHX  FttORLCMa    IMmIi  1^4 

A  gMod  dad  more  mi^t  be  «3iid  a^i  to  these  and  cAer 
f%9;^oiM  nvfiich  forbiii  our  accepUng  the  double  sutphatiofi 
Iheorv  m  iU  fijmplrbl  furm  except  as  :%  pur^y  prorisioaal 
OiSletiietBt  ;  but  without  stopping  to  diMTuss  them  further, 
1  will  gi%*e  a  very  brief  *ktiiniiiar\'  of  what  I  believe  to  be 
the  real  nature  of  the  variousi  changes  that  go  on  in  the 

Ccmm^m^mait   of  Ihschargc.—Thc  aicU%^  materials  of 

Milly  charged  negative  and  positive  electrodes  consist  of 

^%myi  and  lead  peroxide  re*>pectively,  but  both  m  alhtropu  at 

potymeru  staUs,  ami  passessrJ  of  a  moktulur  strucUire  far 

tnore  c^mpkx  than  n  rrprc$€nieJ  by  the  fonnutir   Pb  and 

PbO,. 

Sormat  iHsdwrge.  -On  discharge,  no  oiolecuies  of  lead 
Of  lead  peroxide  are  wholly  and  directly  converted  into 
normal  lead  ?*ulphate ;  but,  Uill  maiittaining  their  complex 
tnolecular  structure,  they  pass  ihroogh  a  long  series  of  true 
cornpoundn  containing  SO4  in  gradually  increasing  pro* 
portions.  In  this  way,  no  portion  uf  the  active  materia  Is 
toscH  itsi  conductivity  nor  is  cut  off  from  electrical  con- 
nection with  the  remainder,  and  its  easy  and  rapid 
desulphation  on  recharge  is  thereby  provided  for. 

End  of  Dhcharge,—Thi^  abtiurption  of  SO4  does  not  and 
cannot  go  on  until  the  molecules  are  fully  sulphated, 
because  at  aonie  intermediate  stage  their  electrical  resist- 
ance, which  previously  has  only  been  increasing  slowly, 
commeuccB  to  go  up  with  extreme  rapidity.  This  change 
is  necessarily  accompanied  by  an  equally  sudden  and  rapid 
fall  in  the  ctlYs  potential  difference,  which  soon  passes 
below  the  uHual  limiting  value;  but  if  the  circuit  is  still 
maintained  the  inlernal  resistance  goes  on  risingj  and  in  a 
hhort  time  the  potential  difference  is  reduced  practically  to 
xerOp  Most  probably  the  rapid  acceleration  of  resistance 
sets  in  when  the  molecules  of  active  material  have  attained 
the  respective  proportional  compositions  Pb20flS04  and 
Pb^SO^. 

Reversal,— li  the  current  is  kept  flowing  through  the  cell 
by  means  of  an  external  E.M/F,^  reversal  now  commences. 
No  further  sulphation  of  the  active  materials  takes  place, 
the  proportion  of  SO4  present  in  the  molecules  remaining 
constant  throughout  this  stage,  but  lead  gradually  passes 
over   to  peroxide  at  the   negative,  and   vice  versd  at   the 
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pusitivep  until  their  composition,  as  given  above,  is  exactly 
reversed.  Here  again  the  change  is  only  effected  through  a 
whole  series  of  intermediate  compotnids,  and  the  molecuks 
retain  their  tomph-x  sirucfure  iiUact^ 

Recharge. — The  recharge  of  a  cell,  whether  in  continua- 
tion of  the  reversal  or  as  the  normal  charge  following  on  a 
discharge,  consists  essentially  in  the  gradual  withdrawal  of 
SO4  from  the  molecules  until  allotropic  lead  and  lead 
peroxide  are  again  reproduced.  Other  reactions  on  charge 
are  only  incidental  so  far  as  the  active  materials  are 
concerned. 

'*  SiiiphaiingJ'—  Ihmg  this  word  in  its  well -understood 
technical  sense,  snlphating  consists  in  the  breaking  up  of 
the  complex  molecules,  containing  more  or  less  SO4,  into  a 
number  of  simpler  and  independent  molecules  of  normal 
lead  sulphate  and  of  lead  or  lead  peroxide.  This  rearrange- 
ment of  structure  destroys  the  continuity  and  conductivity 
of  the  active  materia!,  and  at  the  positive,  if  not  at  both 
electrodes^  is  accompanied  by  an  increase  in  bulk  which 
may  lead  to  the  breaking  up  of  itself  and  its  support. 
Nothing  further  is  needed  to  bring  about  this  change  than 
rest  on  open  circuit ;  but  the  instability  of  the  compounds 
appears  to  be  largely  proportional  to  the  percentage  of  SO4 
present  either  in  the  active  materials  or  in  the  electrolyte  ; 
that  is  to  say,  it  increases  w-ith  the  extent  to  which  the  cell 
is  discharged  and  with  the  strength  of  acid  used  in  it. 
Probably  local  action,  due  to  impurities  and  other  causes, 
plays  an  important  part  in  facilitating  the  same  result ;  and 
a  still  more  favourable  condition  is  the  excessive  w^eakening 
of  the  acid  electrolyte  in  the  pores  of  the  active  materials 
during  discharge. 

It  will  be  observed  that  the  foregoing  view^s  are  entirely 
based  on  the  possibility  of  the  active  materials  existing  in 
tw^o  distinct  molecular  states  ;  an  allotropic  one  involving  a 
complex  structure  and,  although  unstable,  corresponding  to 
the  normal  and  healthy  w^orking  condition  of  the  cell,  and 
a  simpler  and  more  stable  one,  but  identical  with  the 
undoubtedly  deleterious  condition  known  as  ^'sulphated/* 
From  its  very  nature  direct  proof  of  this  assumption  is 
almost  impossible,  and  as  the  indirect  arguments  are  mostly 
theoretical  and  require  a  consideration  of  some  of  the 
purely  chemical  characteristics  of  the  lead  con\i^oMw4^,  \ 
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have  dealt  with  them  separately  iti  the  second  part  of  this 
paptT.  In  it  I  have  also  traced  out  iii  moru  detail  the 
different  changes  that  must  ensue  in  the  cell  according  to 
this  hypothesis,  for  the  way  in  which  it  enables  us  to  furnish 
a  consistent  and  rea^onablu  explanation  of  the  cell's  be- 
haviour in  every  respect  appears  to  me  to  furnish  one 
of  the  strongest  arguments  in  its  own  support- 
One  obvious  objection  to  the  theory  may  be  referred  to 
here.  Involving,  as  it  does^  the  formation  of  numerous 
sulphated  lead  compounds  of  indefinite  composition,  it  runs 
counter  to  the  usual  text-book  chemistry,  which  draws  an 
absolutely  hard  and  fast  line  between  chemical  compounds 
and  mechanical  mixtures.  In  recent  years,  however,  the 
rapid  advances  made  in  our  knowledge  of  physical  chemistry 
have  provided  much  evidence  obtained  from  very  different 
sources,  such  as  the  properties  and  l7ehaviour  of  alloys  and 
of  aqueous  solutions,  all  tending  to  prove  that  substances 
may  exist  whose  components  do  not  apparently  follow^  the 
law  of  combination  in  multiple  proportions,  and  yet  must 
in  other  respects  be  regarded  as  true  molecular  and 
chemical  compounds.  Of  this  nature  are  the  compounds 
normally  formed  during  the  discharge,  reversal,  and  re- 
charge of  a  lead  cell. 

From  this  basis  of  theory  we  can  now  proceed  to  the 
consideration  of  some  points  of  more  direct  practical 
importance.  In  the  first  place,  if  it  is  true  that  the  mole- 
cules  of  active  material  inttntahly  cease  liberating  electrical 
energy  when  they  are  about  50  per  cent,  sulphated  (giving 
on  analysis  44  per  cent*  by  weight  of  unaltered  pero.vide 
at  the  positive,  and  40*5  per  cent,  of  uncombined  lead 
at  the  negative),  owing  to  a  sudden  and  large  increase  in 
their  electrical  resistance  at  that  stage  ;  then  the  actual 
performance  of  commercial  storage  cells  approaches  far 
nearer  to  the  theoretically  possible  maximum  than  has 
hitherto  been  supposed. 

If  it  could  be  effected  electrically,  the  complete  sulphation 
of  I  lb,  of  lead  would  liberate  118*5  ampere-hours,  and 
the  complete  reduction  to  sulphate  of  i  lb.  of  lead  per- 
oxide, 102*5  ampere-hours  ;  but  I  consider  that  the  real 
standard  of  perfection  should  be  just  half  these  values, 
^hat  is  5Q*25  and  51 '25  ampere-hours  respectively,  (The 
Rguff  xDxide  are  based  on  the  assumption  that  its 
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proportional   composition  is  PbOa ;    if  it  is   hydrated   its 
possible  output  will  be  slightly  less.) 

The  active  materials  of  weli  designed  and  properly 
formed  Plante  type  electrodes  do,  1  think^  often  approximate 
to  these  outputs  when  dischar|(ing  at  low  rates^  say  in  nine 
to  twelve  hours  ;  and,  judging  from  the  analyses  of  the  posi- 
tive paste  in  the  E,P.S.  cell  tested  by  Professor  AjTton  in 
189OP  the  active  material  of  Faure  type  electrodes  is  also 
capable  of  doing  so  ;  but  in  this  special  instance  the  previous 
treatment  of  the  cell  was  exceptionally  favourable^  and  as, 
on  a  1 2-hour  discharge  rate,  ils  capacity  came  out  about 
33  per  cent,  above  its  listed  value^  it  had  evidently  been 
worked  up  to  a  state  of  efticiency  but  seldom  attained,  still 
less  maintained. 

In  practice,  pasted  electrodes  hardly  ever  give  more  than 
30  to  40  ampere-hours  per  pound  of  positive  or  negative  active 
material  ;  while  about  half  these  values  is  probably  a  more 
usual  figure  :  for,  although  the  specific  output  of  the  active 
materials  in  new  electrodes  is  often  high,  yet  in  many  cases 
it  decreases  considerably  with  use  ;  and  if  the  electrodes  are 
of  faulty  design  or  manufacture,  or  the  cells  nut  properly 
looked  after ^  it  may  drop  to  almost  any  extent. 

However,  with  all  electrodes,  whether  of  the  PI  ante  or 
Faure  type,  there  is  a  very  considerable  falling  off  in  the 
specific  output  of  the  active  materials  as  the  discharge  rate 
is  increased.  The  exact  amount  and  curv^e  of  decrease 
varies  with  every  different  make  of  cell,  but  the  best  of  them 
do  not,  at  a  three-hour  rate,  give  more  than  two-thirds  to 
three-quarters  of  their  output  on  a  nine  to  twelve-hour  rate  ; 
while  if  discharged  in  one  hour,  their  output  is  only  about 
one-half  or  even  less*  After  all  then,  there  is  still  some 
considerable  margin  left  for  improvements  in  the  ratio  of 
output  to  weight,  especially  when  rapid  discharges  are 
required  ;  and  these  are  often  precisely  the  cases  where  a 
reduction  in  weight  wotild  be  of  the  most  importance  and 
use,  provided  it  were  not  effected  at  a  sacrifice  of  durability- 
It  is  evident  that  to  obtain  the  maximum  output  from  any 
active  material  the  electrolyte  must  have  access  to  each  of 
its  individual  molecules  so  as  to  include  them  all  in  the 
electrolytic  circuit ;  and  its  porosity  therefore  must  be 
thoroughly  molecular.  That  is  to  sa.\,  \n  ^Ad\V\otv  Vv^  ^'et 
^p^ccif  th^t  exist   between    the    sma\\   \ns\ti\e^   ^a.i^VxcV^^^^ 
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material,  each  of  these  particles  must  itself  be  porous 
throughout.  Most  negative  active  material  necessarily  fulfils 
this  condition,  as  the  electrolytic  reduction  of  the  oxide  or 
other  insoluble  salt  employed  must  leave  each  molecule  of 
lead  surrounded  by  a  space,  also  of  molecular  proportions, 
previously  occupied  by  the  other  elements  in  combination 
with  it. 

The  case  of  positive  active  material  is  somewhat  different. 
If  it  is  prepared  from  salts,  such  as  lead  sulphate  or  lead 
chloride,  possessing  about  twice  the  bulk  or  half  the  density 
of  lead  peroxide,  its  molecular  porosity  is  initially  provided 
for  just  as  it  is  in  negative  active  material ;  but  if  it  is 
obtained  from  litharge  or  minium  or  other  compounds 
whose  density  is  about  the  same  as  that  of  the  peroxide 
itself,  it  is  not  at  first  sight  evident  how  it  can  possess  any 
porosity  beyond  the  spaces  between  its  visible  particles  ; 
while  if  it  is  produced  from  solid  metallic  lead  by  a  forma- 
tion of  the  Plante  type,  no  porosity  of  any  kind  seems  to  be 
provided  for.  In  all  these  cases,  however,  the  materials, 
before  being  peroxidised,  no  doubt  pass  through  an  inter- 
mediate stage  of  partial  sulphation  accompanied  by  a  pro- 
portional increase  in  bulk,  so  that  in  this  respect  the  condi- 
tions are  to  some  degree  the  same  as  if  lead  sulphate  had 
been  the  original  raw  material.  That  some  such  growth  of 
the  positive  active  material  does  take  place  during  its  first 
formation  is  shown  by  the  expansion  of  its  support  which 
almost  in\-ariably  attends  this  process,  whether  the  electrodes 
be  of  the  formed  or  pasted  \'ariety. 

But  although  the  pores  and  spacing  are  there,  they  are 
quite  inadequate  to  contain  anything  approaching  the 
amount  of  electrolyte  required  for  the  full  discharge  of  the 
active  material  surrounding  them.  Negative  active  material 
sufficiently  porous  to  hold  its  own  volume  of  liquid  will  have 
what  is  sometimes  incorrectly  called  a  "  density  "  of  57  (half 
the  density  of  solid  lead,  11-4)  or,  as  I  prefer  to  term  it.  a 
50  per  cent,  porosity  ;  and  this  is  a  good  average  figure  for 
the  six>ng\-  lead  in  commercial  cells.  Lead  peroxide  being 
bulkier  than  lead,  positive  active  material  is,  as  a  rule,  not 
nearly  so  porous,  and  a  good  average  material  will  certainly 
not  have  more  than  a  ^3  per  cent,  porosity,  or  a  so-called 
density  of  about  6*3  (two-thirds  that  of  solid  PbOj.  ^'45). 
and  it  will  onl  v  contain  one-halt  ils  onvw  voVuaie  ot  eleciroivte. 
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Now  solid  lead  requires  about  twenty-four  timeSjand  solid 
peroxide  about  sixteen  times  their  own  volumes  of  dilute 
sulphuric  acid.  sp.  gr,  i" 200,  for  their  50  per  cent,  sulpha- 
tion,  with  a  fall  of  actd  strength  to  sp,  gr,  1*150  ;  so  that, 
negative  and  positive  active  materials  of  good  average  porosity 
can  only  contain  about  /^th  and  i^^nd  respectively  of  the 
quantity  of  electrolyte  necessary  for  their  complete  dis* 
charge  under  these  conditions.  Even  if  the  whole  of  the 
acid  were  abstracted  from  the  solution  in  the  pores,  leaving 
nothing  there  but  water,  then  the  negative  and  positive  active 
materials  could  respectively  contain  only  about  ^th  and  -j^th 
of  the  necessary  amounts  of  i"2go  acid,  or  about  fth  and 
^th  if  1-300  acid  were  employed. 

These  figures  show  very  clearly  how  entirely  the  output 
of  a  lead  cell  is  dependent  on  the  diffusion  of  acid  from  the 
main  body  of  the  electrolyte  into  the  depleted  solution  in  the 
pores  of  its  active  materials.  As  long  ago  as  1889  Messrs, 
Duncan  and  Wiegand  called  attention  to  some  of  the  results 
that  must  ensue  if  proper  diffusion  were  not  provided  for; 
And  Messrs,  Gladstone  and  Hibbert,  in  their  communication 
to  this  Institution  in  1892^  also  indicated  some  of  the  effects 
probably  due  to  this  cause.  In  the  latter  instance^  however, 
they  were  considering  the  matter  chiefly  in  its  relations  to 
the  E.M,F,s  of  cells  under  various  conditions ;  and  i  think 
it  yet  remains  to  be  recognised  how  far-reaching  are  the 
consequences  of  defective  diffusion,  and  how  many  of  the 
faults  and  shortcomings  of  the  cells  may  be  attributed  to  it. 
Rightly  to  comprehend  the  scope  of  its  action,  it  is  advisable 
to  consider  in  some  little  detail  just  what  takes  place  in  the 
active  materials  of  a  cell  when  discharging  at  some  rate 
^sufficiently  high  to  bring  the  effects  of  imperfect  diflfusion 
well  into  play;  that  is,  at  a  rate  which  reduces  its  output 
considerably  below  what  can  be  obtained  at  slower  rates. 

It  is  impossible  to  say  the  exact  proportions  in  which 
the  different  parts  of  the  active  materials  will  contribute 
towards  the  discharge  current  on  first  closing  the  external 
circuit,  for  this  largely  depends  on  the  relative  resistances 
of  the  electrolyte  and  the  active  materials  themselves—a 
very  problematic  question.  Lead  in  a  solid  state  has  only 
about  one4welftli  the  conductivity  of  copper,  and  in  the 
porous  condition  its  specific  resistance  is  almost  cfct\3t\t\  Vo 
be  very  much  higher,  but  even  then  \t  is  no  dou\A  con- 
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siderably  less  than  that  of  the  electrolyte  ;  so,  as  regards  the 
negative  electrodes,  the  layers  of  active  material  nearest  to 
the  opposing  positives  will  tend  to  supply  more  than  their 
due  share  of  tlie  total  current.  On  the  other  hand,  although 
lead  peroxide  is  one  of  the  best  conductors  of  electricity  of 
any  solid  compound  substance  not  entirely  metallic,  its 
specific  resistance  is  of  the  order  of  a  tluid  electrolyte,  and 
is  probably  higher  than  that  of  the  ordinary  acid  solution  in 
a  cell ;  therefore,  at  the  positive  electrode  it  is  possible  that 
at  first  the  inner  layers  of  active  material  may  discharge  a 
little  more  rapidly  than  the  others, 

At  both  electrodes,  however,  the  distribution  of  the  work 
is  also  affected  by  other  conditions,  such  as  the  nature  and 
position  of  the  conducting  support  j  and,  on  the  whole,  it 
will  be  simpler  and  not  much  amiss  to  assume  that  the 
initial  contribution  of  every  molecule  of  active  material  to 
the  discharge  is  approximately  equal,  provided  that  sufficient 
time  has  elapsed  since  the  previous  charge  for  the  strength 
of  the  acid  thoroughly  to  equalise  itself  throughout  the  pores. 

But  this  state  of  affairs  begins  to  alter  immediately  after 
the  discharge  has  commenced.  The  diffusion  not  being 
sufficient  1)^  rapid  to  supply  acid  to  all  parts  of  the  electro- 
lyte as  fast  as  it  is  being  withdrawn  by  the  active  material, 
the  solution  becomes  graduated  into  a  series  of  layers  or 
strata  (assuming  the  active  materials  are  of  uniform  porosity 
throughout)  of  different  strengths  ;  those  layers  directly 
adjacent  to  the  surface  undergoing  practically  no  alteration, 
while  the  innermost  layers  will  be  the  most  weakened* 

This  change  must  necessarily  he  accompanied  by  a 
variation  in  the  E.M,F,s  acting  at  different  parts  of  the 
active  materials,  for  it  has  been  demonstrated  by  several 
researches  notably  those  (if  Messrs,  Gladstone  and  Hibbert 
and  of  F.  Streintz,  that  the  E.M.F.  of  a  lead-lead  peroxide 
couple  in  dilute  sulphuric  acid  depends  on  the  strength  of 
the  electrolyte.  Roughly  speaking,  it  slowly  decreases  from 
2*05  volts  in  r20o  acid  to  1*85  volts  in  about  1*030  acid,  and 
then  drops  away  rapidly  to  1-45  volt,  the  E.M,F*  of  the 
couple  in  pure  water. 

Consequent  in  its  turn  upon  the  variations  in  the  E.M*F*, 

Uic  felative  rates  at  which  the  molecules  generate  current 

^rf-  rori^jpondingly  affected  throughout  the  active  materials, 

'^"■'l^at  means  can  a  uniform  potential  difference  be 
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maintained  between  everj^  portion  of  the  opposing  electrodes. 
In  this  way,  too,  the  inequalities  in  the  strength  of  the 
electrolyte  are  prevented  from  passing  certain  limits,  because 
just  as  fast  as  the  acid  in  solution  diminishes,  so  does  the 
rate  of  sulphation  which  brings  about  this  diminution 
decrease  also  ;  until  at  all  point-^  in  the  active  material,  the 
absorption  of  acid  and  its  replenishment  by  diflfusion  just 
balance  each  other,  the  nett  result  being  that  the  outer 
layers  supply  considerably  more,  and  the  inner  layers  con- 
siderably less,  than  their  due  share  of  the  current- 

This  unequal  distribution  of  the  work  is  not  only  main- 
tained throughout  the  discharge^  but  becomes  more  pro- 
nounced towards  the  end,  for  the  conditions  which  regulate 
the  rate  of  diffusion  are  steadily  growing  worse  the  whole 
time.  The  active  materials  gradually  increase  in  bulk  as 
they  sulphate,  thereby  reducing  their  porosity,  and  it  is  just 
those  portions  through  which  the  whole  of  the  difTusion  to 
the  interior  has  to  take  place  that  choke  up  soonest  and  most 
thoroughly. 

As  the  discharge  proceeds,  the  E.M,F  falls  fastest  where  the 
sulphation  is  most  rapid,  and  a  more  equitable  proportion 
of  the  work  would  then  be  thrown  onto  the  other  parts  of 
the  active  materials,  were  it  not  that  their  output  is  limited 
by  the  rate  of  diffusion,  so  they  can  ojily  draw  on  the 
surroundini^  electrolyte  till  its  strength  and  their  E.M.F.  is 
correspondingly  reduced.  Thus  the  potential  diflFerence 
between  all  parts  of  the  opposing  electrodes  falls  gradually 
and  uniformly,  and  the  variations  of  acid  strength,  small  at 
firstp  slowly  increase,  until  by  the  time  the  E.M,F,  of  the 
outermost  layers  working  in  the  strongest  acid  has  dropped 
to  about  1*85  volt,  solely  by  reason  of  their  advanced  state 
of  discharge^  the  specific  gravity  of  the  sohition  round  the 
inner  layers  will  be  1*030  or  thereabouts,  and  their  E.M,F, 
also  only  about  j'S^  volt,  although  they  may  not  have  done 
a  tithe  of  the  work  of  which  they  are  capable* 

At  this  stage  the  specific  conductivity  of  the  active 
materials  becomes  the  chief  factor  in  controlling  the  further 
course  of  the  discharge.  The  resistance  of  the  outer  and 
most  sulphated  layers  goes  up  rapidly,  and  for  a  short  time 
the  burden  of  the  discharge  is  probably  taken  up  by  the 
layers  immediately  beneath  them*  These,  however,  sooi\ 
follow  suit,  and  the  resistance   of  the  mw^x  VcVje^^  ^A  ^^ 
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electrolyte  from  vvliich  by  now  almost  the  whole  of  the 
acid  has  been  abstracted,  also  being  very  high,  the  potential 
difference  between  the  electrodes  very  qnickly  drops  below 
the  normal  limit 

It  is  now  apparent  why  the  output  of  a  cell  decreases  so 
much  on  heavy  discharges,  and  also  why  little  or  no  increase 
of  capacity  can  be  obtained  by  using  masses  of  active  mate- 
rial of  more  than  a  certain  thickness.  The  higher  the  rate  of 
discharge  or  the  more  impeded  the  diffusion,  the  less  is  the 
interior  of  the  active  material  drawn  upon  for  the  main* 
tenance  of  the  current ;  while  if  either  of  these  conditions 
is  pushed  to  an  extreme,  nearly  the  whole  of  the  work  is 
done  by  a  very  thin  outside  layer,  and  by  the  time  this  is 
exhausted  hardly  any  acid  will  be  left  in  the  electrolyte 
surrounding  the  remainder.  Of  course,  as  soon  as  the  dis- 
charge is  stopped  fresh  acid  begins  to  diffuse  in,  and  after  a 
little  while  a  further  discharge  is  obtainable.  By  repeating 
this  proceeding  a  sufficient  number  of  timeSj  the  larger 
proportion  of  the  deficiency  on  the  first  discharge  may 
be  made  up. 

Recharging  is  seldom  effected  at  such  extremely  high 
rates  as  are  sometimes  used  for  the  discharge,  but  they  must 
often  be  quite  sufficient  to  liberate  acid  in  the  pores  of  the 
active  material  considerabty  faster  than  it  can  be  dissipated ; 
and,  although  in  this  case  the  effects  of  imperfect  diffusion 
are  not  so  evident  and  the  details  of  the  procedure  which 
brings  them  about  are  still  more  comphcated,  yet,  following 
the  same  line  of  reasoning  as  has  just  been  applied  to  the 
discharge,  certain  general  conclusions  may  be  drawn. 

The  outer  layers  of  active  material  will  absorb  more  than 
their  due  proportion  of  the  current,  and  by  the  time  they 
are  fully  desulphated  the  inner  layers,  as  yet  only  partially 
charged,  will  be  surrounded  by  abnormally  strong  acid  to 
enable  them  to  maintain  an  equivalent  voltage.  Unless, 
therefore,  the  current  is  prolonged  for  a  time  after 
gassing  has  commenced  and  the  end  of  the  recharge  only 
determined  by  a  sufficiently  high  potential  difference  being 
attained,  there  is  some  likelihood  of  the  inner  layers  not 
receiving  their  proper  charge  at  all  ;  and  in  any  event  the 
gassings  by  expelling  some  of  the  electrolyte  from  the  pores 
and  destroying  its  continuity,  must  itself  greatly  retard  the 
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Not  only,  then,  is  the  output  of  a  cell  materially 
diminished  through  insufficient  diffusion,  but  its  durahiljly 
and  life  must  also  be  more  or  less  seriously  affected  owing 
to  the  injurious  conditions  to  which  portions  of  the  active 
materials  and  their  metalhc  supports  are  thereby  subjected  : 
conditions  favourable  to  the  breaking  up  of  the  molecular 
structure  of  the  former  with  '*sulphating''  and  all  its 
attendant  evils,  and  to  the  destruction  of  the  latter  by  local 
action*  These  effects  are  chiefly  experienced  by  the  inner- 
most layers  of  active  material  which  work  in  abnormally 
w^eak  acid  towards  the  end  of  the  discharge  and  abnormally 
strong  acid  towards  the  end  uf  the  charge  ;  and,  in  addition, 
do  not  undergo  that  thorough  desulphation  on  charging 
necessary  to  help  to  bring  them  back  to  their  normal  state. 
The  outermost  layers  also  suffer  however,  inasmuch  as  they 
are  liable  to  be  over-discharged  to  the  point  of  reversal 
every  time  the  full  output  is  required  from  the  cell.  At 
the  positive  electrodes^  wherever  the  layer  of  peroxide  in 
immediate  contact  with  the  support  is  broken  up  from 
any  of  the  preceding  causes,  the  metal  itself  will  become 
exposed  to  electrolytic  action  and  its  sulphatiun  and  cor- 
rosion greatly  facilitated. 

A  third  effect  of  imperfect  diffusion  is  to  reduce  the 
electrical  efficiency  of  the  cell.  In  part  it  acts  by  lowering 
the  average  E.M.F.  of  discharge  and  raising  that  of  recharge, 
the  missing  electrical  energy  appearing  as  heat  generated  at 
the  end  of  both  processes^  when  the  outside  electrolyte 
diffuses  in  and  mixes  with  that  of  unequal  strength  con- 
tained in  the  pores  of  the  active  materials.  But  w'hen  this 
takes  place,  the  conditions  of  equiHbrium  previously  existing 
as  regards  E*M*F.  betw^een  all  parts  of  the  active  material 
are  disturbed  ;  local  currents  flow,  more  heat  results,  and 
consequently  the  ampere-hours  available  on  discharge  are 
also  somewhat  diminished,  and  those  necessary  for  recharge 
somewhat  increased*  Tlie  loss  of  energy  due  to  these 
causes  was  pointed  out  and  demonstrated  by  Messrs. 
Duncan  and  Wiegand  in  1889.  It  follows^  and  is  indeed 
found  to  be  so  in  practice,  that  the  best  efficiency  of  a  cell 
is*  obtained  by  commencing  its  discharge  immediately  the 
recharge  is  finished,  and  vice  versa.  When  the  discK^i^ 
rates  are  high  or  the  diffusion  poor^  the  d\fteTeuce  ta^^j  Vk^ 
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Undoubtedly  the  abnormal  sulphation  is  the  most 
serious  result  of  impeded  diffusion,  for  not  only  does  it 
directly  depreciate  the  electrodes  and  bring  about  a  per- 
manent reduction  of  their  capacity  in  proportion  to  the 
quantity  of  active  material  affected;  but  also,  by  choking 
up  the  space  available  for  the  electrolyte,  it  aggravates  the 
causes  through  which  it  was  itself  started,  and  so  increases 
the  temporary  losses  of  capacity  due  to  high  discharge  rates, 
besides  reacting  unfavourably  on  the  cell's  efficiency. 

The  only  practical  method  of  determining  the  extent 
to  which  diffusion  into  the  pores  of  the  active  materials  is 
provided  for  in  a  cell  is  to  compare  its  outputs  at  different 
discharge  rates-  There  have  been  cells  on  the  market  of 
the  Faure  type,  and  possibly  are  still,  which  show  a  steadily 
increasing  capacity  down  to  a  thirty-  or •  forty-hour  rate. 
Such  inadequate  diffusion  is  due  either  to  the  masses  and 
layers  of  active  material  being  too  thick,  or  to  the  free 
access  of  the  electrolyte  to  their  surfaces  being  too  much 
impeded,  or  to  their  porosity  being  insufficient ;  often  it  is 
brought  about  by  a  combination  of  these  causes.  The  two 
former  conditions  can  easily  be  improved  by  proper 
mechanical  design.  To  compensate  for  the  latter  special 
devices  are  sometimes  employed,  such  as  perforating  the 
active  materials,  or  providing  channels  through  their  in- 
terior or  inclosed  spaces  in  their  midst  to  act  as  reservoirs 
of  electrolj'te  ;  but  the  more  usual  plan  has  been  to  mix 
TOTious  substances,  such  as  magnesium  sulphate,  salt,  sugar, 
carbon,  and  so  forth,  with  the  lead  compound  used  for 
pasting,  and  to  remove  them  afterwards  by  solution  or  the 
action  of  the  forming  current. 

Still,  when  all  these  precautions  are  taken  they  will  not 
increase  the  diffusion  beyond  a  certain  degree.  That  this 
is  so  is  shown  by  those  commercial  cells  of  Plante  type,  in 
w^hich  extremely  thin  layers  of  active  material  are  employed 
with  a  very  free  access  of  electrolyte  to  their  surfaces,  for 
even  these  do  not  attain  their  maximum  output  at  more 
than  a  twelve-hour  discharge  rate  although  there  is  very 
little  diminution  at  about  a  nine-hour  rate,  but  above  this 
it  falls  off  with  increasing  rapidity. 

The  fact  is,  to  go  to  the  root  of  the  trouble,  the  molecular 
porosity  of  the  active  materials,  w^h ether  of  the  Faure  or 
Plante  type,  needs   to  be  coTXSvderably  increased,     If^aq 
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ordinary  active  material  prepared  from  a  paste  of  litharge 
or  red  lead  could  be  enormously  magnified,  it  would  be 
seen  that  the  minute  spaces  between  the  individual  grains 
are  very  caverns  in  comparison  with  those  that  penetrate 
the  grains  themselves,  and  it  is  tliese  latter  which  appear 
to  prevent  the  diffusion  from  proceeding  at  more  than  a 
certain  rate,  no  matter  how  large  the  former  may  be.  The 
total  porosity  of  an  actrve  material  is  in  itself  therefore  but 
a  very  partial  guide  as  to  its  capabilities.  For  instance,  its 
molecular  pores  might  be  almost  stopped  up  with  irre- 
ducible  sulphate  resulting  from  improper  treatment  during 
its  first  formation  or  afterwards,  and  yet  it  could  possess  a 
very  open  structure  cis  judged  by  a  microscopic  examination 
or  by  the  quantity  of  liquid  it  was  capable  of  absorbing* 

Devices  such  as  those  just  now  mentioned  may,  within 
limits,  improve  the  total  porosity  of  the  active  materials, 
but  they  leave  their  molecular  porosity  unaltered,  for  this 
depends  almost  entirely  on  the  lead  compound  used  as  raw 
material,  and  is  rigidly  fixed  by  its  chemical  composition 
and  specific  gravity.  The  only  exception  is  in  the  case  I 
hav^e  already  referred  to,  where  the  partial  sulphation  of 
dense  materials,  such  as  Pb,  PbO  or  Pb304,  at  an  inter- 
mediate stage  of  their  first  formation  leads  to  growth  and 
expansion  and  a  consequent  increase  in  their  ultimate 
porosity. 

The  mole<:ular  porosity  of  active  materials  of  the  Pla[itc 
type,  and  of  all  those  of  the  Faure  type  prepared  from 
Htharge  or  minium,  is  probably  only  about  25  per  cent., 
and  can  hardly  exceed  40  per  cent.,  even  assuming  that  a 
very  heavy  preliminary  sulphation  takes  place*  A  mcrt'e 
porous  material  is  obtained  by  the  electrolytic  reduction 
of  lead  chloride  which  has  had  a  small  proportion  of  zinc 
chloride  fused  with  it.  The  two  form  a  molecular  com- 
pound that  sets  to  a  crystalline  mass  of  low  specific  gravity  ; 
and  wheji  the  zinc  chloride  and  the  chlorine  of  the  lead 
chloride  have  been  removed,  et^ery  molecule  of  the  lead 
remaining  is  surrounded  by  a  space  of  about  twice  its 
own  size.  It  possesses  therefore  a  true  molecular  porosity 
of  65  to  70  per  cent*,  and  is  capable  of  holding  about  two* 
thirds  of  its  own  apparent  volume  or  twice  its  actual  volume 
qf  electrolyte. 

This  active  material  perfectly  (iilfi\sl\te  \>vopet  cot\i\\N;\^TV% 


3rt  r^^^A  V:-*:  'TZkjrr*  of  it*  *tn;ctcrc  int  as  rcgirtfe  the 
4ft:gr*3t  or  porvtrr*-  :t  :*  rirJy  2  *t»  in  ibe  right  direction. 
/«  f>^  id^M*  acZ'-:^,  tnaUrial  cztr^  zm  :f  ::?  m^liodes  skcttld 

for  til  <:.:m/.^r^  dvjckatgi,  ic  that  r.:  di fusion  has  tc  takt 
place  either  from  cutiide  cr  hfti^ar,  diferent  farts  cf  the 
actnt  maUrial  itulf.  To  ach:e\-e  this  result  it  must  be  able 
io  contasn  not  merely  twice,  but  ten  to  twenty  times  its 
iu:X\i2A  bulk  of  electroNle,  corresponding  to  a  molecular 
pT/r^/s^ity  of  90  to  95  per  cent. 

It  JH  of  c^^urse  one  thing  to  indicate  the  ideal  conditions, 
and  quite  another  to  show  how  they  are  to  be  attained. 
The  problem  is  to  prepare  an  active  material  possessed  of 
an  extremely  high  molecular  porosity  without  too  much 
reducing  its  cohesion  and  mechanical  strength  generally. 
There  are,  at  any  rate,  no  fundamental  difficulties  in  the 
way.  Many  substances  exist,  such  for  example  as  carbon 
in  the  form  of  charcoal,  which  prove  that  porosity  and 
Htrerigth  can  go  together.  A  remarkable  instance  is  fur- 
nished l)y  "  block  magnesia,"  a  basic  magnesic  carbonate, 
wliicli  lias  a  90  to  95  per  cent,  porosity  and  can  take  up 
about  nineteen-twentieths  of  its  own  nominal  volume  of 
liquid,  and  yet  will  withstand  a  crushing  strain  of  more 
than  So  lbs.  per  square  inch. 

Given  an  active  material  with  similar  qualities,  practi- 
cally the  full  theoretical  output  corresponding  to  a  50 
per  cent,  sulphation  could,  I  believe,  always  be  obtained 
from  a  cell,  no  matter  how  high  the  rate  at  which  it  were 
discharged.  But  what  is  of  still  more  importance,  the 
durability  of  the  cell  should  be  immensely  increased  and 
its  life  proportionately  lengthened,  and  most  of  the  causes 
that  giver  rise  to  abnormal  sulphation  being  eliminated, 
tlierr  would  be  little  permanent  loss  of  capacity  or  electrical 
riepii'ciiilion.  Then,  too,  an  exceedingly  high  electrical 
cl'liiiency  should  be  realised,  for  the  dissipation  of  energy  in 
the  form  of  heat  would  be  reduced  to  an  almost  negligible 
i|u:intity. 

If  all  these  inq^rovements  are  possible,  there  is  yet  hope 
that  lead  cells  may  eventually  fill  their  unique  position  as 
the  sole  practical  means  of  storing  electrical  energy,  far 
more  adequately  than  they  have  hitherto  done ;  but  whether 

o  thh  comes  about,  I  feel  assured  that  no  substantial 
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advance  remains  to  be  effected  except  in  the  direction  I 
have  indicated,  and  the  only  other  alternative  will  be  to 
introduce  a  new  combination  altogether. 


PART    IL 

In  the  first  part  of  this  paper  I  have  said  that  the  utility  of 
the  lead — sulphuric  acid — lead  peroxide  combination  appears 
to  be  due  to  the  insolubility  of  the  active  material  of  both 
electrodes  under  all  normal  conditions  of  treatment.  This 
is  not,  however,  the  whole  matter,  for  essential  as  the 
insolubility  of  the  compounds  may  be  to  success,  it  would 
probably  be  insufficient  were  it  not  in  conjunction  unth 
certain  properties  which  are  inherent  in  lead  and  its  com- 
pounds and  form  one  of  their  most  marked  chemical 
characteristics, 

Leadp  like  all  the  metallic  elements,  unites  with  other 
elements  and  radicles  to  form  normal  compounds  and  salts 
of  a  perfectly  definite  composition,  such  as  the  monoxide, 
peroxidCp  sulphate,  and  so  forth.  It  also  enters  with  greater 
ease  than  most  of  the  metals  into  more  complex  com- 
binations to  produce  *' basic  salts''  (sometimes  termed 
"  sub-salts  *'),  in  which  it  is  partly  combined  with  O  or  HO, 
as  an  oxide  or  hydrate,  and  partly  with  some  other  element 
or  radicle.  Usually  it  is  capable  of  producing  not  merely 
one,  but  a  whole  series  of  basic  salts  with  each  radicle; 
of  which  the  basic  chlorides,  nitrates,  and  acetates  are  well- 
known  examples.  In  addition  to  this,  it  is  almost  unique 
amongst  the  metals  in  the  facility  with  which  it  combines 
with  two  or  more  diflferent  radicles,  other  than  O  or  HO, 
and  gives  rise  to  curious  compound  salts  such  as — 

"  Lanarkite/'  Pb^j^^^        "  Leadhilltte,"  Pb4|^^^ 

"  Phosgenite,"  Ph^j^Q       Uad  Chlorosulphide,  PbJ  g^"* 

But  besides  all  its  normal,  basic,  and  poly-acid  salts  and 
compounds,  lead  will,  under  suitable  conditions,  form  others 
which  cannot  accurately  be  represented  b^  ^wj  IoitclvX^  i>k 
all.    The  two  most  important  commerd^X  pie^2^^'a^Aox>s.  oV 
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lead,   namely   white  lead  and   red   lead  or  minium,  both 
furnish  well-marked  examples  of  this  behaviour. 

The  first  of  these  is  a  basic  lead  carbonate  whose  average 
composition  when  prepared  by  the  old  **  Dutch  *'  process  is 
generally  represented  by  the  formula  2PbC03p  PbfHO)^,  or 
Pb3(C03)2{HO)2 ;  but  this  is  purely  an  approxiniationp  as 
the  relative  proportions  of  carbonate  and  hydrate  are  found 
to  vary  very  appreciably  in  different  samples,  even  if  pro- 
duced under  practically  identical  conditions*  By  other 
processes,  especially  precipitation  methods,  any  number  of 
basic  carbonates  of  indefinite  composition  may  be  obtained, 
in  which  the  proportions  of  CO3  and  HO  v^ry  over  a  much 
wider  range,  and  show  very  little  preference  for  uniting  in 
any  simple  ratio  such  as  is  expressed  by  the  formula  just 
given. 

Minium  also  has  no  fixed  or  definite  chemical  com- 
position. Under  the  action  of  reagents  it  behaves  as  if  it 
were  composed  of  lead  monoxide  and  lead  peroxide,  and 
the  formula  2PbO,  PbOa,  or  Pb^O^,  most  nearly  represents 
its  average  composition  ;  but  samples  fully  possessed  of  the 
lijie  scarlet  colour,  its  distinctive  physical  property,  have 
been  found  to  approximate  more  closely  to  PbsO^,  Pb^O^^ 
PbgOj,  or  to  some  other  degi^ee  of  oxidisation  between  these 
simpler  ratios. 

Now  Mendelejeff  has  ascribed  some  of  the  peculiarities 
of  lead  and  its  compounds  (as  also  of  borun,  silicon,  and 
other  inorganic  elements)  to  their  *'  polymerisation/'  That 
is  to  say,  he  assumes  that  the  molecule  of  lead  may  some- 
times consist  of  a  large  but  undetermined  number  of  atoms, 
Pb, ;  while,  in  the  same  way,  the  molecule  of  lead 
monoxide  is  not  necessarily  composed  of  one  atom  of  lead 
and  one  of  oxygen,  PbO,  but  of  many  multiples  of  these 
quantities,  Pb^O^ :  so  also  lead  peroxide  may  be  Pb,Oa,  and 
so  on.  The  assumption  does  not,  of  course,  affect  the  per- 
centage composition  of  the  lead  componnds  as  ascertained 
by  analysis,  but  only  their  molecular  weights,  and  these 
cannot  be  directly  determined. 

This  theory  is  partly  based  upon  and  affords  a  simple 
explanation  of  the  readiness  of  lead  to  form  the  basic  and 
poiy-acid  salts  just  referred  to.  Some  of  the  atoms  of  lead 
in  the  complex  molecule  combine  with    one  radicle  and 

**   wtib   jiuuther ;   and   if,  pvwd^iov  \\\^  ijurposes  of 
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iUtist ration,  we  suppose  that  there  are  twelve  atoms  of  lead 
present^  or  that  the  molecule  of  lead  monoxide  from  which 
they  are  derived  has  a  composition  PbjjOta,  some  of  them 
may  be  expressed  in  the  following  formula: — 


Basic  hydrate^Pb^jJJjj^j^        *'''"11Sh)„ 


Basic  chlorides — Pb,a-i 


(06 

Ci„ 


Pb    f°» 

Ids 


Pb, 


06 

(OH)6 

(Cl6 


B..iccarbonate.-Pb.||§03)^        ^""(JSSt 


Sulpho-carbonates— Pb„l  J^^-*\*^ 


Pb, 


3M 


l(SO,)3 
i(C03), 


But  the  theory  also  equally  well  explains  the  real  nature  of 
the  lead  compounds  of  variable  and  indefinite  composition. 
Their  behaviour  has  always  seemed  somewhat  puzzling,  and 
they  were  generally  regarded  as  not  being  chemical  com- 
pounds at  all :  merely  intimate  mixtures  of  other  and 
simpler  compounds.  Thus,  white  lead  was  a  mixture  in 
varying  proportions  either  of  normal  lead  carbonate  and 
lead  hydrate,  or  of  some  definite  basic  carbonate  with  an 
excess  of  normal  carbonate* 

2PbC03  +  Pb(HO)^=  Pb«(C03)(HO)a  +  PbCOg 

Red  lead  was  a  mixture  of  lead  monoxide  with  lead  pci'- 
uxide,  or  possibly  of  lead  sesquioxide  with  an  excess  of 
monoxide, 

PbjO^  -  2PbO  +  PbOa  =  Pb.03  +  PbO. 

It  will  be  evident,  however,  that  we  have  only  to  assume 
a  sufficiently  complex  molecular  structure,  and  any  number 
ot  true  compounds  between  lead  and  a  given  set  of  radicles 
hecome  theoretically  possible  ;  compounds  of  such  closely 
allied  composition  that  their  physical  and  chemical  pro- 
perties grade  imperceptibly  from  each  one  to  the  next  and 
so  defy  isolation.  No  doubt  in  many  instances  the  whole 
series  of  compounds  will  be  so  unstable  and  mi  fe^'?y\Vf 
resolved  into  their  proximate  comv>oneutsj  iVi^V  cVemvc^^ 
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they  do  appear  to  be  nothing  more  than  mixtures  of  them. 
In  other  cases  only  the  combinations  in  simple  ratios  may 
possess  much  stability  ;  but  in  every  case  the  latter  will 
probably  be  somewhat  more  stable  and  more  readily 
formed  than  the  remainder,  which  need  suitable  conditions 
for  their  production. 

The  manufacture  of  red  lead  furnishes  a  good  example 
of  the  application  of  the  theory,  and  a  suggestive  instance 
of  the  way  in  which  a  series  of  compounds  is  brought 
about  and  of  the  relationship  of  its  various  terms  to  each 
other.  The  further  oxidation  of  litharge  by  roasting  at  a 
temperature  not  so  high  as  that  required  for  its  own  for- 
mation, does  not  appear  to  consist  in  the  conversion  of 
successive  molecules  of  PbO  direct  to  Pb304,  or  some 
other  definite  oxide,  but  in  the  gradual  absorption  of  oxygen 
by  each  molecule,  which  takes  it  up,  atom  by  atom,  and 
passes  through  a  whole  series  of  oxides  of  gradually 
increasing  richness,  the  action  proceeding  more  or  less 
simultaneously  and  uniformly  at  all  parts  of  the  mass, 
according  to  the  relative  adequacy  of  the  air  supply. 
Again  supposing  the  constitution  of  the  monoxide  to  be 
PbiaOj3,  the  series  of  compounds  obtained  may  be  repre- 
sented as  follows ;  but  fully  to  account  for  the  observed 
facts,  its  molecular  composition  would  have  to  be  far  more 
complex,  so  as  to  provide  numerous  other  oxides  between 
each  of  the  terms  shown  ;^ 


Pb.aO,^ 
Pbi30,3 
Pbi.On 
Pbt^Oi^ 

Pbr.0,6 

Pb..O,8 


i2PbO 
iiPbO  + 
loPbO  + 
9PbO  + 
8PbO  + 
yPbO  + 
6PbO  + 


PbO^ 
2pbO^ 
JPbO. 
4PbO^ 

SPbOa 
bPbO^ 


PbO 

Pb^Oj 
Pb^O^ 

PbA 

PbaO, 


The  first  column  gives  the  assumed  molecular  composition 
of  the  oxidt^s ;  the  second  expresses  it  in  terms  of  separate 
molecules  of  monoxide  and  peroxide  as  they  would  appear 
under  analysis ;  and  the  third  merely  shows  the  simplest 
proportional  composition.  Most  commercial  minium  comes 
somewhere  between  Pb405  and  Pb304,  prolonged  roasting 
generally  being  required  to  bring  it  quite  up  to  the  latter 
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proportions  ;  but  as  samples  are  occasionally  found  to  be 
still  further  oxidised,  the  series  is  extended  to  the  sesqui- 
oxide,  PbaO^*  Here  or  hereabouts,  the  extreme  limit  lo 
which  the  oxidation  can  be  pushed  by  roasting  is  reached, 
because  the  temperature  necessary  to  carry  it  to  this  stage 
is  nearly  as  high  as  that  at  which  the  deoxidation  of  the 
sesquioxide  by  heating  commences.  The  two  opposing 
tendencies  balance  each  other,  and  the  absorption  of  oxygen 
then  comes  to  an  end, 

I  now  propose  to  make  use  of  this  ''polymerisation" 
theory  in  dealing  with  the  various  phenomena  observed  in 
lead  cellsp  for  it  enables  us  to  reconcile  their  physical  and 
chemical  aspects,  and  to  give  a  more  consistent  and  satis- 
factory account  of  the  changes  taking  place,  than  can 
otherwise  be  done  ;  and  it  is  with  a  view  to  making  the 
application  of  the  theory  as  clear  as  possible  that  1  have 
felt  it  advisable  to  set  out  the  foregoing  considerations 
regarding  the  lead  compounds  in  general  and  minium  in 
particular  at  such  length. 

In  the  first  place,  1  assume  that  the  fully  formed  active 
materials,  elect rolytically  prepared  at  both  electrodes,  are 
not  Pb  and  PbO^,  but  Fb,  and  Pb.Oa,;  that  is,  they 
are  allotropic  or  polymeric  modifications ;  or  they  have  a 
complex  molecular  structure^ — ^whichever  term  or  phrase  we 
please. 

On  closing  the  external  circuit,  the  molecules  of  lead  at 
the  negative  begin  to  combine  with  SO^  from  the  electro- 
lyte ;  not,  however,  breaking  up  into  independent  molecules 
of  normal  lead  sulphate,  FbSO^,  round  a  nucleus  of  un- 
com billed  metal  ;  but  the  molecules  as  a  whole,  taking  part 
in  the  combination,  and,  as  the  discharge  proceeds,  passing 
through  a  continually  changing  series  of  sub-sulphates, 
without  any  rupture  of  their  molecular  complexity. 

At  the  positive,  the  reactions,  though  diflferent,  take  place 
in  an  exactly  similar  manner*  Oxygen  is  gradually  ab* 
stracted  and  SO4  substituted  in  its  place^  a  sequence  of 
compounds  of  sulphate  and  peroxide  being  produced.  Still 
keeping  to  our  imaginary  twelve  atoms  of  lead  to  the 
molecule,  these  two  series  of  compounds  may  be  repre- 
sented as  follows : — 
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Pb,.(SO,),  Pb,a(0,),o(SO,), 

Pb,,(SO,),  Pb,,(0,)g(S04)3 

Pb,,(SO,),  Ph..(0.)g(S04)4 

Pb,.{SOj,  Ph,.(0.),(S0,)5 

Pb,.(SO,)6  Pb,.(0.)6(S04)6 

But  neither  of  these  series  is  continued  until  the  active 
material  is  fully  s^ulphated  and  the  compound  Pbia{SOJi2 
reached p  Just  as  the  oxidation  of  litharge  by  roasting  is 
necessarily  arrested  at  some  stage  before  it  is  fully  con- 
verted into  peroxide,  so  here  a  limit  is  presently  attained  ; 
and  a  little  consideration  will  show  that  some  such  limit 
is  not  merely  probable  but  inevitable,  and  that  a  direct 
causep  partly  physical ^  partly  chemical^  can  be  assigned 
for  it* 

VV^eknow  that  both  lead  and  lead  peroxide  possess  a  very 
considerable  electrical  conductivity  ;  but  that,  on  the  other 
hand,  pure  lead  sulphate  is  practically  a  non-conductor. 
Both  the  negative  and  positive  active  materials  must  there- 
fore undergo  a  great  change  of  resistance  in  the  course  of 
their  sulphation  ;  a  change  either  spread  more  or  less  uni* 
formly  over  the  whole  discharge,  or  else  occurring  abruptly 
at  some  special  stage.  The  latter  appears  to  be  what  really 
happens,  for  although  our  information  regarding  the  changes 
of  resistance  in  lead  cells  is  extremely  vague  and  meagre,  we 
know  that  there  is  not  much  variation  throughout  the  main 
portion  of  the  discharge,  but  that  the  resistance  begins  to  rise 
considerably  towards  the  end.  The  exact  point  of  change  is 
immaterial  to  the  present  argument,  but  I  believe  that  when 
the  active  materials  approach  a  proportional  composition 
PbaS04  and  PbsO^SO^  respectively,  the  rate  of  increase  of 
their  resistance  experiences  a  rapid  acceleration,  and  their 
resistance  itself  goes  up  enormously-  The  fact  of  impor- 
tance is  that  wherever  and  whenever  such  a  change  of 
resistance  takes  place,  it  must  necessarily  terminate  the  dis- 
charge and  bring  about  all  the  phenomena  which  do  occur. 
Just  as  fast  as  the  resistance  of  the  active  materials,  and 
therefore  the  internal  resistance  of  the  cell,  rises,  the  poten- 
tial diflFerence  at  its  terminals  will  fall  away  ;  and  by  the  time 
the  internal  resistance  has  become  very  large  in  proportion 
to  tMt  o(  the  external  circuity  the  potential  difference  will  be 
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reduced  practically  to  zero.  Or,  to  put  it  another  way,  just 
as  fast  as  the  resistance  of  the  active  materials  rises,  more  and 
more  of  the  electrical  energy  they  would  otherwise  liberate 
is  expanded,  so  to  speak,  in  their  ow^n  molecules,  until,  when 
the  rest  of  the  resistances  in  circuit  become  relatively  negli- 
jjible,  equilibrium  i^^  nearly  established  and  the  liberation  of 
energy  almost  ceases.  This  is  why  it  is  impossible  to  push 
the  discharge  of  n  cell  further  even  by  short-circuiting  it  ; 
and  yet  on  breaking  the  circniti  f.£%,  increasing  the  external 
resistance  to  infinity,  the  E»M*F.  rapidly  rises  to  nearly  its 
original  value,  thereby  showing  that  the  chemical  affinities 
are  neither  exhausted  nor  saturated. 

The  aggregate  results  of  the  chemical  changes  at  each 
electrode  during  a  complete  discharge  are  expressed  in  their 
simplest  terms  in  the  following  equations  :— 

At  the  negative  : — 

t  Pb  1       ^n   -  *  PhSO,  1 
I  Pb  \  +  =^^4  -  I  pb        s 

At  the  positive  : — 

But  augment  the  E,M.F»  of  the  discharged  ceil  ever  f>o 
slightly  from  an  outside  source,  and  the  point  of  equilibrium 
is  passed  ;  the  active  materials  begin  to  absorb  energy 
instead  of  liberating  it,  nnd  incipient  reversal  cnmmences, 
In  fact,  in  primary  battery  language,  the  cell  has  polarised  ; 
but  unlike  other  cells,  at  both  electrodes,  (I  am  here 
assuming  that  the  negative  and  positive  electrodes  contain 
equivalent  amounts  of  active  material,  and  both  discharge 
under  such  equal  conditions  as  regards  maintenance  of  acid 
supply  in  their  pores,  etc.,  that  they  polarise  or  reverse  at  the 
hame  lime,) 

If  the  applied  E.M.F.  is  sufficient  to  maintain  a  current 
through  the  celJ,  a  kind  of  double  reaction  now  goes  on 
at  both  electrodes.  At  the  negative,  the  lead  still  con- 
tinues to  sulphate;  but,  at  the  same  time,  the  sulphate 
already  there  begins  to  peroxidise  :  at  the  positive,  the 
peroxide  still  undergoes  reduction  to  sulphAle  *  \>vv\, 'aXXW 
same  time,  the  sulphate  already  there  iurlher  leduc^ts  V> 
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lead.  Although  the  preceding  statement  probably  gives  a 
better  idea  of  the  real  nature  of  the  changes  taking  place,  we 
may  also  put  it  more  simply  and  say,  as  regards  the  nett 
results  only,  that  on  the  one  side  lead  is  directly  peroxidised, 
and  on  the  other  side  peroxide  is  directly  reduced  to  metal, 
the  proportion  of  sulphate  in  both  cases  remaining  constant 
throughout.  These  reactions  will  continue  until  all  the  lead  is 
peroxidised  and  all  the  peroxide  reduced  ;  and  the  two  series 
of  compounds  through  which  the  active  materials  may  be 
supposed  to  pass  are  given  below,  commencing  with  the  two 
last  terms  of  the  previous  series,  which  represented  their 
composition  at  the  end  of  a  complete  discharge. 

Pbt.(S0j6  Pbt.(0,)6{S04)6 

Pb,,(0.)(so4)6  Pb,,{o,)s(so4)6 

Pb.40^)^(S04)6  Pb,40^)4(SO^)6 

Pb».(0,yS0,)6  Pb,.(0.)3(S04)6 

Pb..(0,),(S04)6  Pb,,{0,)nS04)6 

Pb..(0.),{S0j6  Pb,.(0.).(S0^)6 

Pbx^{0.)6(S04)6  Pb,4SO^)6 

In  this  way  the  composition  of  the  two  active  materials 
is  exactly  transposed  without  the  proportions  of  sulphate 
present  being  further  increased.  At  the  same  time  their 
molecular  structure  is  maintained  throughout  the  reversal, 
so  that,  although  the  internal  resistance  is  far  higher  than  at 
any  period  during  the  discharge  or  recharge,  the  conductivity 
of  the  active  materials  is  never  really  interrupted. 

The    following  equations  give  the  sinn  of  the  reactions 
during  a  complete  reversal  in  their  simplest  terms* 
At  the  negative  :— 

I    PbSO^   I  SO4  j^    Q    _     1    PbO.        I  ^    gQ 

At  the  positive  ; — 

(  PbO:,    I  i  H,  .   „  en  -  I  PbSO^  1    .   2HaO 
1  PbSO^  I  "^  H.  "^  ^^^^^  -  )  Pb        i  ^  H^S04 

The  symbols  are  arranged  in  double  lines  to  indicate  the 
probable  dual  nature  of  the  reactions  to  which  1  have  just 
referred. 
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As  soon  as  all  the  lead  has  been  oxidised  at  the  one 
electrode  and  all  the  peroxide  reduced  at  the  other,  the 
reversal  is  finished,  and  the  back  E.M.F,  of  the  cell  rises 
rapidly  ;  but  as,  at  the  same  time,  the  proportion  of  sulphate 
begins  to  diminish  in  both  active  materials,  their  mternal 
resistance  falls  with  equ^tl  suddenness,  and  the  end  of  the 
reversal  is  consequently  not  marked  by  so  much  increase  in 
the  potential  difference  required  to  maintain  the  flow  of 
current  as  might  be  expected » 

The  next  stage  is  equivalent  to  the  recharge  of  a  cell 
which  ordinarily  follows  on  a  discharge,  except  that  the 
direction  of  the  current  and  the  composition  of  the  two 
active  materials  are  reversed ;  but  in  either  case  the  reactions 
are  exactly  the  same,  and  consist  in  the  gradual  abstraction 
of  sulphate  from  both  active  materials  until  they  are  finally 
brought  back  to  lead  and  lead  peroxide,  just  as  they  existed 
at  the  commencement  of  the  discharge* 

The  series  of  compounds  through  which  this  is  effected 
will  be  similar  to  those  of  discharge,  but  now  occurring  in 
the  converse  order ^  and  they  are  shown  as  the  last  stage  of 
the  two  series  given  on  the  next  page.  These  represent  the 
whole  of  the  changes  experienced  by  the  active  materials 
during  their  passage  through  a  complete  cycle  consisting 
of  discharge,  reversal,  and  recharge  ;  or^  by  passing  from 
the  one  series  to  the  other  along  the  diagonal  lines  con- 
necling  similar  terms  in  the  two  series,  the  more  usual 
cycle  of  discharge  and  recharge  only. 

The  hypothetical  molecules  containing  twelve  atoms  of 
lead  are  still  presumed,  and  the  terms  in  the  first  two  stages 
— discharge  and  reversal— are,  of  course^  the  same  as  those 
already  given,  but  with  the  chemical  symbols  now  arranged 
slightly  differently. 

The  formulae  on  either  side  show  the  simplest  propor- 
tional composition  of  the  active  materials,  as  they  would 
appear  under  analysis,  at  some  of  the  intermediate  points. 

The  total  effects  of  the  recharge,  expressed  in  their 
simplest  terras,  are  as  fallows  : 

At  the  negative  : — 


(PbSO,i    -  u  _  (Pb|    .  o  c n 
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At  the  positive  :^ — 

,    iPbO.    f  ^  ^^^  ^  2H.O-  y^^Q^^  +  2H,SO^ 

To  make  the  account  of  the  charging  reactions  complete, 
it  would  be  necessary  to  consider  the  production  of 
persulphuric  acid,  Ha(SOJaf  the  exact  constitution  of  the 
lead  peroxide  when  thoroughly  desulphatedr  and,  closely 
connected  with  these,  the  abnormally  high  E.M.F.  obtained 
towards  the  end  of  the  charge  and  the  first  few  minuter*  <if 
discharge  ;  but  as  they  are  none  of  them  directly  related  to 
the  main  reactions,  1  do  not  propose  to  deal  with  them  here. 

Probably  of  all  the  phenomena  ob!*erved  in  ntorage  celln, 
the  least  studied,  but  the  most  interesting  and  important 
theoretically,  are  those  of  reversaL  Quite  apart,  indeedi 
from  their  direct  bearings  on  storage  battery-  problems, 
the  electrolytic  conversion  of  electro*positive  lead  into 
electro  -  negative  lead  peroxide  and  vk£  venaf  and  the 
molecular  mechanism  by  means  of  which  thoie  res^ultjs 
are  effected  well  deserve  further  study  for  the  light  it 
may  throw  on  the  relationship  between  the  chemical  and 
electrical  forms  of  energy  as  u*ell  as  on  other  problcnih 
of  chemical  physics. 

I  canjiot  recall  ever  having  seen  any  definite  chemical 
theory  of  reversal  propounded^  but  believe  the  general  idta 
is — it  certainly  was  mine  for  a  long  time — that  at  both 
electrodes  the  active  materiak  have  to  be  fully  converted 
into  lead  sulphate  before  they  can  undergo  further  oxidina' 
tion  or  reduction.  Indeed^  if  the  usual  explanationii  of  the 
discharge  reactions  are  adapted  Itiis  seem!^  to  t>e  the  only 
possible  procedure,  but  oxuz  which  at  the  same  time  bri n|^ 
out  mc^t  strikingly  the  discrepancies  l>etween  fact  and 
theor>\  The  view,  no  doubt,  appelant  to  derive  *upparl 
from  the  very  evident  '*  sulphating  *'  thai  **o  freqiKmlly 
accompanies  the  rc%^ersal  uf  electrodes,  and  tnayp  if  Ihey 
contain  large  masses  oi  aciive  material,  lead  to  their  entire 
disintegration  in  its  endeavours  to  make  room  for  itself ;  l>tjt 
this  is  due  to  excessi^'e  local  action^  as  will  be  explanicd 
later*  On  the  other  hand,  any  type  of  electrfxlc  in  which 
the  active  material  is  distributed  m  thin  W^ei%  m'A>j  \^ 
reversed  wjlhoui  UiowiOg  the  -^ln^ht^  XSdi^Mi  ol   xu\v\v^ 
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throughout  the  operation  or  suffering  any  loss  of  capacity 
provided  a  sufficiently  heavy  current  is  maintained. 

Fortunately  one  piece  of  evidence  exists  which,  to  my 
lumd,  lends  strong  confirmation  to  the  views  I  have  put 
forward  as  to  the  real  nature  of  the  reactions  of  reversal, 
and  that  h  the  appearance  of  lead  peroxide  on  the  surface  of 
the  negative  active  material  towards  the  end  of  its  complete 
discharge  ;  but  aUhotigh  the  fact  has  frequently  been  cited 
in  explanation  of  the  rapid  fall  of  voltage,  1  do  not  think 
its  full  significance  has  hitherto  been  realised*  As  Mr. 
Swinburne  once  pointed  out,  it  seems  almost  impossible  to 
suppose  that  the  peroxide  can  he  produced  by  thccellsown 
unaided  energy,  and  no  doubt  in  practice  it  is  brought 
about  by  a  reinforcement  of  its  potential  difference  from 
other  cells  in  series  with  it  and  not  so  fully  diiichargeS. 
However  this  may  be,  it  does  not  affect  the  value  of  the 
observation  itself,  which  lies  in  showing  that  the  formation 
of  peroxide  sets  in  before  the  active  material  is  fully  sulphated 
and  in  indicating  how  the  reversal  comitiences*  I  am  not 
aware  that  uncombmed  lead  has  ever  been  detected  in  the 
active  material  of  an  exhausted  positive  ;  but  given  a  cell 
whose  negatives  have  the  larger  capacity  so  as  to  ensure  the 
positives  being  thoroughly  run  down,  and  I  think  some 
indications  of  it  might  be  found  if  discharged  under  suitable 
conditions.  More  probably  though,  no  test  can  be  devised 
to  which  the  metal  will  respond  with  the  same  ease  as 
its  peroxide,  and  before  it  is  re-oxidised  by  local  action* 

With  regard  to  the  assumption  I  have  made  earlier  in 
the  paper  that  the  proportional  composition  of  the  active 
materials  at  the  stage  where  their  resistance  rises  so  rapidly 
as  to  terminate  the  discharge  and  bring  about  the  reversal,  is 
Pb,  PbS04  and  PbOa^  PbS04  respectively,  my  chief  corro- 
boration, so  far  as  direct  analysis  is  concerned,  comes  from 
Mr.  Robertson's  analysis  of  positive  active  material  given 
in  Professor  Ayrton's  paper  of  1890.  He  found  that  the 
sediment  from  the  positives,  and  the  discharged  positive 
active  material  itself,  both  approximated  in  composition  to 
the  second  of  the  two  formulce  just  mentioned*  Unfortu- 
tunately,  neither  there  or  anywhere  else  that  I  know  of  are 
quantitative  data  given  as  to  the  composition  of  discharged 
negative  active  material,  but  I  have  repeatedly  found  that 
Phnti  type  electrodes,  properly  reversed,  ^Qtd  \ust  the 
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same  output  whether  positives  or  negatives;  so  that  if 
the  one  formula  is  accepted  the  other  should  hold  good 
also. 

Of  course  the  percentage  of  sulphate  present  in  the 
discliarged  active  material  tells  nothing,  and  is  only 
misleading  unless  account  is  also  taken  of  the  sulphate  there 
at  the  commencement  of  the  discharge.  In  the  case  quoted 
above,  the  fully  charged  active  material  was  found  to  be 
quite  free  from  sulphate,  but  this  is  unusual  even  for  new 
electrodes,  and  most  exceptional  fur  those  which  have  been 
in  use  for  any  length  of  time ;  consequently  in  many 
instances  the  percentage  of  sulphate  in  the  active  materials 
when  discharged  considerably  exceeds  that  required  by  the 
formula. 

A  more  practical  confirmation  based  on  the  general 
experience  of  a  large  number  of  people,  is  supplied  by  the 
specific  capacity  of  the  active  materials.  Although  only 
with  difficulty,  outputs  very  nearly  as  high  i\s  50  and  60 
ampere-hours  per  pound  of  active  material  have  been  and 
can  be  obtained,  corresponding  to  close  upon  50  per  cent 
sulphation  *  but  never,  I  believe,  under  any  conditions 
whatever,  have  these  figures  been  exceeded. 

It  is  weU  known  that  toward!^  the  end  of  a  discharge,  the 
curve  of  the  potential  difference  of  a  cell  varies  considerably 
in  character  according  as  tJie  negative  or  positive  electrodes 
have  the  smaller  capacity  and  are  the  first  to  give  out ; 
dropping  off  with  extreme  suddenness  in  the  former  case^ 
and  more  gradually,  although  still  with  considerable 
rapidity,  in  the  latter  case.  Now  if,  as  i  maintain,  the 
potential  difference  at  this  stage  is  chiefly  controlled  by 
changes  going  oil  in  the  conductivity  of  the  active 
materials,  then  the  lack  of  conformity  between  the  two 
curves  must  connote  a  corresponding  variation  in  the  w*ay 
the  resistance  of  the  two  active  materials  rises.  At  the 
negative,  the  increase  is  sudden  and  large,  putting  a  very 
definite  limit  beyond  which  further  sulphation  is  impossible 
and  reversal  commences ;  and  analogy  with  the  sub-oxides 
of  lead  suggests  that  this  is  most  likely  to  occur  when  a 
composition  PbaS04,  corresponding  to  Pb^O,  is  att;uned. 
At  the  positive  the  rise  in  resistance  takes  place  more  slowly, 
and  although  soon  sufficient  to  bring  the  potential  difference 
down  to  the  point  at  which  the  discharge  is  uswaVV^^  'i.lov^T^vid, 
VOL.  zxrn  34 
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yet,  if  it  is  allowed  to  continue,  the  sulphation  is  able  to 
proceed  some  stages  further  with  a  steadily  falling  voltage. 
Here  again  analogy  with  the  oxides  of  lead  points  to  the 
change  commencing  at  the  composition  PbOa,  PbS04 
corresponding  to  the  sesquioxide  PbOa,  PbO,  and  augment- 
ing gradually  <is  the  composition  of  the  active  material 
approaches  to  PbOa,  2PbS04  corresponding  to  red  lead 
PbOa,  2PbO. 

We  have  now  examined  the  normal  constitution  of  the 
active  materials  under  all  conditions  of  use,  and  I  have 
endeavoured  to  show  by  the  aid  of  the  hypothesis  of  poly- 
merisation how  at  every  stage,  except  when  fully  charged, 
it  consists  of  true  compounds  of  lead  sulphate  with  lead  or 
lead  peroxide ;  or,  during  the  period  of  reversal,  with  both 
at  the  same  time.  Yet  no  direct  chemical  evidence  can  be 
adduced  as  to  the  existence  of  any  one  of  these  compounds, 
with  the  possible  exception  of  Dr.  Frankland's  "brown  salt," 
PbOa,  2PbS04,  ^vhich  he  believes  he  isolated  in  1889,  and 
even  in  this  instance  Messrs.  Gladstone  and  Tribe  were 
unable  to  confirm  his  results.  To  all  chemical  tests,  the 
active  materials  behave  merely  as  mixtures  containing 
normal  lead  sulphate  in  various  proportions,  but  the  lack 
of  corroboration  in  this  direction  was  only  to  be  expected 
by  analogy  with  red  lead,  white  lead  and  similar  com- 
pounds, and  it  only  serves  to  show  the  degree  of  their 
instability. 

Unfortunately  there  is  other  most  troublesome  evidence  as 
to  the  extreme  feebleness  of  the  compounds  now  in  question  : 
not  only  do  they  break  up  under  all  chemical  tests  outside 
the  cell,  but  even  in  the  cell  itself  they  act  similarly  under 
many  conditions  that  cannot  in  practice  always  be  avoided, 
and  herein  we  have  the  origin  of  "  sulphating,"  and  the 
source  of  most  of  the  infirmities  which  so  largely  limit  the 
life  and  commercial  usefulness  of  lead  cells.  On  the 
slightest  provocation,  the  molecules  of  active  material  for- 
sake their  allotropic  or  polymeric  structure  and  are  resolved 
into  what,  from  a  general  chemical  standpoint,  would  be 
called  a  more  normal  state,  but  one  which  in  its  special  re- 
lationship to  storage  cells  1  shall  here  term  abnormal.  Each 
complex  molecule  splits  up  into  a  number  of  simpler  ones, 
some  of  normal  sulphate  and  others  of  lead  or  lead  peroxide. 
^^ngfor  example  the  composition  of  the  fully  discharged 
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active  materials  as  represented  by  the  two  terms  previously 
yiven,  the^e  would  break  up  a^  foUowti  : — 

Ph,^(SO^)e  =  6Pb  H-  6PbS04 
Pb40a)6(S04)6  =  6PbOa  +  6PbS04. 

Such  a  change  easily  accounts  for  all  the  effects  charac- 
teristic of  *'sulphating/'  The  rearrangement  of  structure 
can  hardly  be  accomplished  without  producing  some  altera- 
tion in  the  bulk  of  the  active  materials;  and  it  is  most 
probable  that  the  independent  molecules  of  sulphate  will 
require  more  room  than  when  in  a  combined  state.  A  strain 
is  thus  put  on  the  active  materials  which  tends  to  reduce 
their  porosity  generally,  while  at  the  parts  where  the  sulpha- 
tion  actually  occurs  the  pores  will  be  almost  blocked  up.  If 
it  is  more  than  can  be  relieved  by  mere  compression  of  the 
active  materials,  thuir  disintegration  will  commence  ;  and  if 
the  sulphation  is  excessive,  the  effect  extends  to  the  support, 
which  either  expands^  buckles,  or  bursts  asunder  according 
to  its  construction  and  the  amount  of  the  strain  experiencedp 

It  is  ditHcult  to  suppose  that  the  free  molecules  of 
Pb  and  PbO^  can  themselves  long  escape  sulphatioUp 
and  so  visible  patches  of  white  n on-con d net ive  irreducible 
sulphate  soon  make  their  appearance.  Other  known  results 
such  as  reduction  of  capacity  follow  obviously^  and  need  not 
be  dwelt  upon. 

Prolonged  contact  with  the  acid  electrolyte  appears  to 
be  quite  suthcient  in  itself  to  cause  the  active  materials  to 
pass  over  to  this  abnormal  state ;  but  in  all  probability  the 
result  is  largely  dependent  on  the  percentage  of  sulphate 
they  contain  and  only  becomes  acute  after  a  certain  stage  is 
reachedp  f(jr  in  practice  cells  left  on  open  circuit  are  found 
to  sulphate  more  or  less  according  to  the  extent  to  which 
they  have  previously  been  discharged. 

Fully  charged  active  materials  maintain  their  normal 
condition  with  considerable  tenacity,  but  it  is  quite  possible 
that  the  very  gradual  loss  of  capacit)^  so  often  experienced 
by  negative  electrodes,  and  for  which  lao  satisfactory  expla- 
nation has  yet  been  offered,  may  be  due  to  a  change  of 
molecular  structure.  The  effect  is  generally  accompanied 
by  shrinkage  of  the  active  material,  and  in  this  cowu^cXxqw 
it  IS  somewhat  si^mficant   to   note   that  Sc\>nV/Jetto^^^^:.^*^ 
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allotiopic  form  of  copper  wai  found  to  revert  to  its  more 
usual  state  after  prolonged  tmmersion  in  dilute  sulphuric 
acid,  this  change  also  being  accompanied  by  shrinkage- 

Although  the  instability  of  the  acti%*e  materials  is  inherent 
in  Iheir  very  nature  and  its  results  cannot  be  aluays  or 
entirely  avoided   under  any  practical  working  conditions, 
yet  much  oi  the  trouble  is  usually  brought  about  by  minor 
causes,  some  of  which  at  any  rate  are  preventible.     Local 
action  due  to  impurities  in  the  electrodes  or  electrolyte,  or 
to  the  presetice  of  active  oxygen  in  the  form  of  persulphuric 
acid  or  hydrogen  jieroxidcp  or  to  excessive  strength  of  acid, 
is  one  of  tlie  most  frequent.    The  active  materials,  especially 
if   fully  charged  or  nearly  so,  are  prob;ibly  first  partially 
sulphated  just  as  when  discharging^  and  so  disposed  to 
break    up   in   the  usual   way;    but   the   local   action    may 
also  have  a  directly  disruptiv*e  effect  upon  their  molecular 
constitution  as  the  proportion  of  sulphate  increases.     The 
most  marked  effects  of  local  action,  however,  are  exper- 
ienced during  the  period  of  reversal,  for  not  only  do  the 
molecules  of  active  material  then  contain  their  maximum 
of  sulphate^  but  both  lead  and  lead  peroxide  at  the  same 
time,  ;nid  a  condition  of  far  greater  instability  results  even 
than  on  complete  discharge*     If  the   current  is  stopped 
during  this  stage,  local  action  and  sulphating  proceed  with 
great   rapidity,  and   they   are   not   entirely   checked   when 
the  current  is  flowing  iniless   it   is  of  very  considerable 
strength.     On   this  account    it   is   impossible  properly  to 
reverse  many  types  of  electrodes,  for,  owing  to  tlie  very 
high    resistance  of    the   active   materials    throughout    the 
process,  the  current  is  most  imequally  distributed  and  onlv 
a  small   fraction    penetrates   the   portions   not   quite   close 
to  the  support.     Excessive  local  action  ensues,  and  even  if 
the  electroden  are  not  rendered  useless,  the  active  materials 
will  be  choked  with  large  percentages  of  sulphate,  which  it 
is  impossible  to  reduce  afterwards. 

Another  cause  which  no  doubt  plays  a  considerable  part 
in  breaking  down  the  normal  constitution  of  the  active 
materials,  is  undue  weakness  of  the  electrolyte.  This  con- 
dition seldom  exists  in  the  bulk  of  the  solution,  but,  owing 
to  imperfect  ditfusion,  as  is  fully  explained  in  the  first  part 
of  tJiis  paper,  is  freiiuently  realised  during  discharge  by  the 
portian  contained  in  the  pores  of  the  active  materials.    Most 
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probably,  as  soon  as  the  percentage  of  acid  present  falls 
beiovv'  a  certain  Uiiiit,  incomplete  sulphation  occurs,  and 
compounds  contiuning  lead  monoxide  or  hydrated  mon- 
oxide, Pb(HO)a,  are  then  produced  ;  and  the  variations  in 
the  specific  gravity  of  the  electrolyte  during  discharge 
sometimes  agree  best  with  a  reaction  of  this  nature.  Dis- 
tinct evidence,  indet^d,  has  frequently  been  obtained  of  the 
presence  of  monoxide  in  discharged  positive  active  material, 
and  upon  this  has  been  based  an  oxidation  theory  of  the 
cell  reactions,  which  assumes  that,  at  the  positive  at  any  rate, 
the  formation  of  sulphate  is  only  an  incidental  result,  con- 
tributing nothing  to  the  E.^^.F'.,  and  being,  in  amount,  no 
function  of  the  output. 

I  prefer,  however,  to  adopt  the  explanation  I  have 
suggested  above,  and  consider  that  whenever  indications  of 
iinpi^rfect  sulphation  are  observed  they  do  not  show  the 
double  sulphation  theory  to  be  at  fault,  but  rather  point  to 
defective  working  conditions  which  prevent  the  proper  and 
normal  reaction  from  taking  place- 


Dr,  H.  E,  ARiis^THONii  :  I  think  that  the  Institution  of  Electrical  J 
EiiginctTS  is  greatly  to  bij  congratulnted  on  huving  received  so  valuable 
a  paper  on  so  important  a  subject  Mr.  Wade  has  stated  his  ca>e  with 
a  cluiirness  which  is  altogether  unusual  in  dealing  with  nialtcrs  of  this 
kind  ;  and  his  arguments  are  throughout  logical!  and  reasonable,  and 
stated  in  a  lan||uage  to  which  one  cannot  object  from  any  ordinary 
point  of  view.  One  may  not  share  all  his  opinions,  but  throughout  he 
argues  his  case  in  such  a  way  that  we  cannot  in  the  slightest  degree 
take  objection  to  the  manner  in  which  he  states  it* 

Mr.  Wade  first  discusses  the  nature  of  the  chani^es  which  go  on  in 
the  accumulator.  Wc  have  worked  at  this  subject  in  the  Chemical 
Department  at  the  Central  Technical  College  for  ten  years  past^  and 
the  analyses  which  Professor  Ayrton  and  his  coUeagues  communicated 
to  this  Institution  in  il^p  were  carried  out  by  Mr*  Robertson  in  my 
lalx>ratory.  Ever  since  then  I  have  felt  that  the  cell  offers  a  great 
many  problems  for  study,  both  to  the  chemist  and  the  electrician, 
Thb  evening  we  are  embarking  on  a  new  period,  and  may  congratulate 
ourselves  on  having  at  List  made  some  slight  advance*  in  the  trealment 
of  the  problem,  Mr.  Wade  pnts  forward^  in  the  first  instance^  the 
conventional  idea  that  we  deal,  on  the  one  hand  with  lead,  and  on  the 
other  with  lead  peroxide*  During  the  discharge  these  are  converted 
into  sulphates  on  both  sides,  and  on  re-charging  we  ohUin  a  reversion 
again.  Although  that  simple  equation  expresses  the  hnal  results 
probably  a  very  great  duid  happens  in  between.  Wc  ikxz  i\oV  'a\  A\ 
in  a  position  at  the  present  lime,  however,  to  say  w\\al  \t  \^  \\\a\  i\\\\^ 
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happens  in  the  electrolysis  of  lead  salts  in  sulphuric  acid  solytions* 
The  phenomena  we  have  to  deal  with  in  this  case  are  undnuhtcdly  corn- 
plicated*  Although  many  years  have  elapsed  since  Faraday  electrolysed 
sulphuric  acid,  we  practically  know  very  little  more  now  than  wc  did 
when  he  ceased  working  at  the  subject.  It  h  astonishing  how  very 
111  tie  advance  has  been  made,  notwithstanding  the  extraordinary 
importance  that  attaches  to  the  subject.  It  is  certain,  however,  that 
electrolysis  of  sulphnric  acid  docs  not  take  place  in  the  simple  way 
which  is  ordinarily  assumed.  There  are  a  variety  of  explanations, 
which  I  will  not  enter  into  now,  but  probably  there  arc  many  products 
evoked  which  play  an  important  part  in  the  case  of  the  accumulator, 
but  which  have  received  very  little  attention  ;  and  I  think  the  author 
has  scarcely  sufficiently  noted  the  possibility'  of  changes  which  take 
place  in  the  electrolyte  and  which  affect  sulphation.  Oo  the  other 
hand,  the  problem  of  the  electrolysis  of  lead  iwilts  is  a  very  diflficult  one. 
We  do  not  in  the  least  understand  how  the  lead  peroxide  is  formed 
from  the  s?ulphate.  Its  production  is  a  peculiar  phenomenon.  Many 
lead  salts  cannot  be  electrolysed  without  peroxide  being  formed  j  that 
is  to  say,  when  you  pass  the  current  though  a  lead  solution  you  get 
peroxide  on  the  anode,  and  the  whole  of  the  lead  cannot  therefore  be 
obtamed  in  the  metallic  slate  on  the  cathode.  On  the  other  hand, 
there  arc  solutions  from  which  you  can  get  the  whole  of  the  lead  as 
lead,  without  any  trace  of  peroxide  being  formed.  I  have  t>een  working 
at  the  subject  for  the  last  Iwo  years,  and  I  cannot  get  any  clue  as  to  w^hat 
determines  the  formation  of  peroxide,  in  some  cases,  and  the  production 
of  lead  and  of  lead  only  in  others.  I  refer  to  these  matters  in  order  to 
emphasise  the  fact  that  there  is  much  to  be  learned  yet  with  regard  to 
what  happens  both  to  sulphuric  acid  and  to  these  lead  compounds  on 
e lee tro lysis.  R u t ,  a f  ter  al I,  t h at  d oe s  n o I  gre a t  ly  aft'e c t  M  r ♦  Wad e ' s  p o » n t. 
He  attaches  importance  to  the  kind  of  lead  compound  whicli  is  formed, 
and  has  put  forward  a  theory  wliich  is  a  perfectly  rational  one  in  its 
way — that  you  are  never  dealing  w^th  lead  peroxide  alone  or  with  lead 
sulphate  alone,  but  that  you  are  dealing  %vith  a  more  complex  sub- 
stance which  contains  both  those  constituents.  He  thinks  that  is  the 
explanation  of  the  conductivity  of  the  materia!  in  the  cell  as  com- 
pared with  the  want  of  conductivity  w*htch  is  show^i  by  lead  sulphate. 
No  doubt  a  great  deal  may  he  said  for  this  theory,  but  1  would  call 
attention  to  a  paragraph  in  Mr.  Wade's  paper  where  he  says:  *•  Un* 
fortunately  there  is  otlier  most  troublesome  evidence  as  to  the  extrenie 
feebleness  of  the  compounds  now  in  question/*  1  am  incluied  to 
think  that,  except  in  one  practical  point,  he  does  not  help  himself  ver> 
much  by  assuming  the  existence  of  these  compounds^  ns,  if  they  exist 
at  all,  they  are  excessively  unstable  substances.  He  ha*^,  howevcT,  put 
forward  a  theory  which  enables  u:s  to  understand  why  it  is  that  only 
about  half  the  peroxide  present  in  the  material  is  available*  That 
result  was  established  bv  Professor  Avrton  and  his  colleagues  through 
their  examination  of  plugs  t^ken  from  plales  which  had  been  treated 
in  various  w*ays.  Whether  it  is  good  i\s  theory  or  not,  it  is  good  as  fact, 
for  undoubtedly  you  cannot  get  mtich  beyond  that  point.  My  only 
object  in  speaking  about  that  fact  is  to  say  that  although  Mr.  Wadc"> 
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case  is  a  reasonable  one,  I  do  not  think  there  is  very  much  in  it*'  I  Jr.i,jtKMig. 
%'enltjre  to  think  that  the  fm  port  ant  part  of  Mr,  Wade's  paper  is  the 
latter  portion,  in  which  he  discusses  the  character  of  structure  that  is 
necessan^  in  order  to  ensure  the  maximum  rate  of  discharge  and 
charge.  He  has  laid  emphasis  upon  porosity— upon  the  absolute  need 
for  free  diifusion  of  acid  into  the  material— and  this  h  really*  I  think, 
the  critical  feature  in  connection  with  storage  cells.  What  he  has  said 
with  regard  to  the  need  of  increasing  the  porosity  of  the  medium  is 
really  the  practical  key  to  the  position.  If  we  are  to  improve  the 
discharge  and  charge  rate  of  cells,  it  must  be  by  operating  in  the 
direction  he  has  pointed  out.  From  a  practical  point  of  view  his* 
arguments  appear  to  be  perfect  ;  but  I  am  not  prepared  to  go  with  him 
in  the  theoretical  arguments  which  he  has  put  forward.  If  you  picture 
to  yourselves  what  is  going  on  in  the  ceil,  you  can  sec  at  once  it  is 
absolutely  needful  there  should  he  a  high  degree  of  porosity  conferred 
upon  the  material  There  is  a  very  large  requirement  of  acid  at  both 
plates^  and  the  acid  is  one  which  diffuses  at  a  comparattvely  slow  rate. 
On  the  one  hand,  you  are,  during  discharge,  depleting  the  solution  of  acid, 
and  therefore  you  are  not  only  varying  the  resistanceand  the  rate  at  which 
chemical  change  can  take  place,  but  yon  are  also  perhaps  changing  its 
character ;  w^hilcj  on  the  other  hand,  when  you  are  charging  your  cell  you 
are  loading  the  pores  with  strong  acid.  One  can  see,  therefore,  that  it  is 
essential  that  there  should  be  a  free  passage  of  acid  botli  into  and  out  of 
the  porous  material.  In  these  two  respects  Mr.  Wade  has  put  the  case 
before  us  in  a  very  clear  way-  He  has  given  a  clear  indication  of  the  Unes 
upon  which  we  can  prtH;eed  in  calculating  the  efficiency  of  the  cell,  aiid 
he  has,  I  thinks  led  the  w*ay  so  far  as  practical  improvements  in  the  cell 
are  concerned^  by  insisting  very  strongly  on  the  need  of  great  porosity* 

Professor  \\\  K.  Aykton  :  The  paper  which  Mr.  Wade  has  given  Profssor 
us  on  Storage  Battery  Problems  is  probably  one  of  tlie  l>est  that  it 
has  been  our  good  fortime  to  listen  to  for  many  a  long  day,  and  I 
feel  sure  that  at  the  present  time  we  should  know  tnncli  more  about 
storage  cells,  and,  perhaps  w^hal  is  more  important,  we  sliould  have 
niuch  better  storage  cells,  had  we  been  favoured  with  many  papers 
hke  Mr.  Wade's,  combining  the  same  clearness  of  thought,  lucidity 
of  expression,  and  emphatic  direction  as  to  what  we  ought  to  aim 
at  doing  in  order  to  improve  the  accumulator.  Dr.  Armstrong  has 
referred  to  those  very  interesting  experiments  tliat  Mr.  Robertson, 
his  assistant  at  that  time,  was  so  good  as  to  carry  out  for  us  in  i8tp 
on  the  analysis  of  the  plugs  in  the  porous,  the  peroxide  plate.  Referring 
to  this  test,  the  aulhor,  *m  page  469,  says  that  "In  this  special  instance 
the  previous  treatnient  of  the  cell  was  exceptionally  favourable,  and 
as  on  a  12-hour  discharge  rate  its  capacitv  came  out  about  35  per 
cent,  above  its  listed  value,  it  had  evidently  been  worked  up  to  a 
stale  ot  efftcicncy  but  seldom  obtained,  still  less  mamlained/'  Now, 
why  is  it  absolulely  true  that  the  ceil  was  in  a  state  of  efiiciency  seldom 
attained,  Mill  less  maintained  f  W\is  it  because  we  were  dealing  with 
a  perfectly  new  cell  or  with  a  cell  supplied  us  by  the  Elesftrical  Power 
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Storage  Company  cspfcially  for  our  experiments  ?  Nothing  of  the 
kind.  The  reason  was  indicated,  but  we  probably  did  not  succeed 
in  impressing  upon  the  world  ten  year:;  a^o  what  were  the  conditions 
necessary  for  the  success  of  pasted  accumulators,  The  cell  which  gave 
those  results  had  been  in  daily  nse  in  my  laboratory  for  quite  two  years 
before  the  experiments  were  carried  out,  and  these  were  the -words 
we  u^aed  in  the  paper  we  |^ave  in  i8qo  on  '*  Notes  on  the  Chemistry 
of  Secondary  Cells."  (This  Journal,  1890,  vol.  xix.,  p.  660,)  *'  The 
cell  selected  to  remove  the  plugs  from  had  the  same  size  as  the  cclb 
employed  in  the  invei^tigationb  described  in  a  previous  communication, 
and  was  one  of  the  batch  of  fifty  ptjrchased  for  the  Central  Institution 
about  the  middle  of  tMB.  Since  if  first  tame  info  our  possession  it 
had  nercr  been  Qverekttrged,  nci'er  been  left  discfhirgeti,  nor  permitted 
i0  send  more  than  the  mnximum  aunnt  aUoitcd  by  Itte  makers ^  ^ind 


^ 

^n 

Wc 

fhhg 

Fc 

fSf 

72 

tJll 

^ 

*-ff 

^€\ 

. 

le 

~i 

^ 

t 

t)> 

^chai 

Vt 

^9 

w 

M  /i 

fin 

m 

rt 

S- 

s^i 

r  ■ 

[ 

3M 

\ 

> 

< 

"■ 

"^ 

— 

' — 

•— 

-^ 

\-^ 

-A 

H- 

— 

^ 

-^ 

>, 

^, 

Ml 

-^ 

/ 

la 

r    i 

J 

IJU 

, 

.^/^, 

ibf 

I* 

% 

M 

/J 

5 

\ 

3? 

i 

? 

iA 

& 

i 

/7 

e 

" 

A 

i 

m 

r^, 

fi 

t,u 

rs 

Z 

2 

\ 

Q 

>* 

/ 

T 

Dot 

Hi 

u. 

i 

J 

) 

- 

t 

, 

i 

1 

I 

4 

i 

r 

I 

1 

9 

/ 

0 

1     a 

YiG.  A. 


cotiscqueniiy  at  if  re  beginniitg  of  ifie  present  investigation  in  June  0/ 
th isycar[^i  8ix)]  fftrscelf  ituisin  exceiii'n f  condition.''  And  I  may  e ni phasi se 
now  what  we  stated  at  that  time — viz.,  that  the  proportion  of  liquid 
to  plates  was  much  larger  than  is  usual  in  cells.  Another  condition 
was  scrupulously  adhered  to,  and  it  is  one  to  winch,  for  a  very  practical 
reason,  !  want  to  draw  special  attention.  At  the  commencement  of 
this  investi>(ation  referred  to,  ten  years  a^o,  we  discharged  the  .cells 
day  after  day.  The  experiments  were  made  by  successive  chargini* 
and  discharging  by  automatic  machinery,  week  after  week»  day  and 
night,  without  intermission,  in  order  to  get  the  cell  into  its  perfectly 
normal  condition  ;  and  the  discharge  limit  was  initially  fixed,  for  a 
reason  given  in  that  paper,  at  i'6  volts,  as  show^n  in  Fig.  A,  We  soon 
found  out,  however^  as  explained  in  the  previous  paper  on  the  Working 
Efficiency  of  Secondarj*  Cells,  that  we  were  ruining  the  cells.  For  the 
charging  became  more  and  more  difficult  (it  became  impossible  to  put 
the  energy'  into  the  cell  because  the  potential  difference  rose  so  rapidly)* 
and  also  that  il  gradually  became  impossible  to  get  any  considerable 
amount  of  energy  out  of  the  cell.  After  a  number  of  experiments  in  the 
vtmmicr  of  i>^i)o,  we  decided  that  it  was  because  we  wxTe  letting  this 
potential  difference  go  down  too  low,  and  we  found  1/  we  stopped  at  1*8 
voH  ^nd  took  off  that  small  fraction  ot  \ht  dv^^hary^e^  instead  of  ruining 
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thf  ^clls  vvc  were  nbW  to  makt  them  go  through  the  same  cycle  witli  ^^J^^^^^***' 
absolute  exactness  in  their  repetition.  On  that  occasion  the  novel  fact 
was  pointed  out,  vi^,,  that  the  discharge  sliould  be  stopped  when  the 
potcntiul  difference  fell  to  vH  volts,  and  we  inentioned  in  that  paper 
that  Dr.  Louis  Duncan  and  Mr,  H.  Wiegaml,  experimenting  in  the 
Johns  Hopkins  University  in  the  same  year,  had  arrived  at  the  s^ime 
result*  I  kiv  so  much  slresis  on  the  fact  that  if  you  stop  at  vB  instead 
of  if)  volt  you  keep  your  cells  in  f^ood  order  and  do  not  ruin  Ihein, 
liccausc  this  last  fortnight  I  have  been  told  hy  two  independent  persons 
— I  do  not  kQow  how  far  ttjutr  information  is  authoritative — that  that 
explains  the  difiBculties  of  the  London  Electric  Cab  Company.  A 
sort  of  controversy  look  place  in  the  electrical  press  last  year  lo 
this  effect :  The  Electric  Power  Storage  Company  had,  it  was  said, 
entered  into  an  undertaking  for  20  pur  cent,  of  the  prime  cost  per 
annum  to  keep  the  cells  up  to  a  certain  percentage  of  their  normal 
capacity  for  three  years.  The  Cab  Company  came  to  an  abrupt  end, 
and  one  of  the  electrical  papers  su^ested  that  probably  accumulators 
were  responsible  for  the  difficulty,  and  rather  implied  that  the  Electric 
Power  Storage  Couip;my  had  not  fultilled  its  obligalion.  The  latter 
company  wrote  a  letter,  which  wa^  published  in  the  paper  with  a 
very  proper  apology,  to  the  effect  tliat  the  Klectric  Power  Storage 
Company  had  carried  out  their  obligation  absolutely  to  the  letter ; 
and  yet  still  there  remained  the  question  that  the  Cab  Company 
had  ceased  to  exist.  I  am  told,  as  I  say,  the  explanation  was  that 
the  Storage  Company  agreed  to  keep  the  jiccumulators  up  to  a  certain 
percentage  of  their  normal  capacity,  for  aoper  cent,  per  annum,  the  cells 
being  used  every  day  and  charged  every  night,  provided  that  they 
were  never  allowed  to  go  bctow  the  limit  that  we  had  arrived  at 
in  our  1890  investigation,  vi^.,  i"S  volts  per  cell.  I  am  told  that 
this  w*as  a  clause  in  the  contract^  but  that  unfortunately  the  Cab 
Company  did  not  in  the  least  appreciate  the  importance  of  the 
condition,  and  the  result  u'as  that  when  tlie  ceils  began  to  wear  out, 
wiien  cabs  came  in  and  they  were  tested,  the  cells  were  found  to  have 
run  down  to  lower  than  r8  volts  per  celL  The  Electric  Power  Storage 
Company  were  able  to  say,  so  1  am  informed,  keeping  strictly  to  the 
agreement »  "That  cab  is  outside  the  contract";  and  ^o  one  l^v  one 
they  went  outside  the  contract  until  the  whole  of  the  cabs  were  outside 
it.  The  Electric  Power  Storage  Company  were  quite  wiUing  to  keep 
them  in  order  if  the  condition  had  been  fuUilled.  It  is  quite  possible 
that  this  is  a  fact.  Another  accumulator  company,  to  whom  I  mentioned 
this  matter,  told  me  they  also  believed  it  was  a  fact*  and  that  they 
in  their  maintenance  contracts  insisted  on  the  cell  being  stopped  at 
1^8  and  not  allowed  to  fall  to  an  appreciably  lowTr  number  of  volts.  If 
that  is  so,  if  the  experiments  that  we  have  carried  out  are  Iwrne  out 
by  all  this  experience,  why  do  not  people  realise  that  adding  a  mere 
fraction  of  discharge  energv'  seen  to  the  right  of  the  ordinate  that 
happens  to  pass  through  1 1  hours  in  Fig.  A  means  ruin  to  the  cells  and 
ruin  to  the  company?  Why  not  put  prominent  volt-meters  on  the 
spiasli-twards  of  the  cab,  and  tell  the  cab-driver,  "On  puux  ol  vowc 
life,  come  home  when  yott  see  the  pointer  at  i'8  \'oUfv  peT  <;:e\\'*  1 
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I  will  now  go  to  the  other  most  interesting  point  to  which  Mr. 
Wade  has  drawn  attention.  He  con^ders  that  the  failure  of  the  cell 
is  mainly  due  to  the  want  of  porosity.  There  are  certain  reasons  which 
bear  that  out,  and  certain  reasons  about  which  I  am  not  sure  whether 
they  do  or  do  not  bear  out  his  theory,  but  I  should  like  to  put  them 
before  him  in  order  that  so  competent  an  authority  can  express  his 
views.  The  first  point  is  perfectly  well  known,  that  in  ordinary 
discharge  the  potential  difference  of  the  cell  falls  very  rapidly  at 
the  beginning,  though  the  current  is  kept  quite  constant,  then  ver>' 
slowly,  and  then  again  very  rapidly.  Thi>  tir>t  rapid  fall,  which  occurs 
in  the  first  half-liour  or  so.  does  not  occur  at  all  in  a  cell  if  it  has 
been  left  charged  for  a  considerable  time.  Supposing  you  get  one 
of  these  cells,  as  described  in  the  paper,  into  a  perfectly  normal 
condition,  charging  and  discharging  without  intermission  for  many 
days  and  weeks,  the  same  curve  being  produced  over  and  over  again, 
for  charging  and  discharging,  and  then  you  carefully  insuiate  the  cell, 
take  off  the  wires,  and  leave  it  for  a  fortnight :  what  is  the  shape 
of  the  curve  of  the  first  discharge,  when,  of  course,  the  strong  acid 
which  is  put  into  the  pores  during  the  charging  has  had  plenty  of 
time  to  diffuse  throughout  the  cell  ?    I  do  not  know  whether  Mr.  Wade 

remembers,  but  the  curve,  so  far 
from  coming  down,  starts  low  and 
rises  a  little  (see  Fig.  B).  After 
a  period  of  a  fortnight,  the  cell 
being  well  insulated  and  then  dis- 
charged, a  curve  is  given  which 
begins  to  rise  as  the  discharge  goes 
on,  and  then  falls  afterwards.  The 
absence  of  fall  at  first  would  tend, 
no  doubt,  to  bear  out  the  idea 
that  the  strong  acid  put  into  the 
pores  in  charging  had  had  time  to 
diffuse.  There  was  no  strong  acid  in  the  pores,  therefore  there  was 
no  sudden  fall.  Hut  wliat  about  the  rise  ?  How  is  that  explained  ? 
You  can  liardly  imagine  that  the  discharge  of  the  cell,  which  we 
know  produces  sulphate,  which  uses  up  sulphuric  acid,  would  in  any 
way  strengthen  the  acid,  and  tlicrefore  there  does  not  seem  to  be 
any  special  reason  wliy  the  potential  difference  for  constant  current 
should  lH*gin  to  rise  after  a  rest. 

1  now  come  to  something  which  is  even  more  noteworthy,  because 
it  lias  a  very  important  practical  application.  There  are  two  ^"ays, 
ol  course,  in  which  cells  can  be  charged.  They  are  usually  charged 
with  something  like  constant  current,  but  another  method  which.  I  am 
h.ippv  to  s.iy.  is  becoming  much  used  because  of  its  great  improve- 
ment, is  \o  charge  them  at  constant  potential. 

Two  ol  my  Mudents.  Mr.  Cahen  and  Mr,  Donaldson,  described 
to  the  British  .VsMK'iation  in  Hri>tol  the  result  ot  an  investigation  of  the 
charging  of  a  Tudor  cell  with  constant  current  in  the  ordinary  way  and 
with  ci'»nstan(  potential.  Supj>osing  you  take  a  charge  with  constant 
current  in  the  ordinary  w.iy :  the  jHUcnlial  difference  must  rise.  The  rise 
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is  very  rapid  towards  the  end,  and  you  have  a  period  of  much  gassing  J';^**»°^ 
and  a  considerable  waste  of  energy  (see  Fig.  C),  Mr.  Wade  has  given  us  ^ 
his  explanation  of  the  gassing.  Suppose,  instead  of  having  a  constant 
currL*nl  of  (say)  20  ampcrt*s,  with  a  gradnaliy  increasing  potential,  you 
start  with  25  volts  constant  potential  difFerence  (see  Fig.  D),  InJtiaUy  there 
IS  an  enormous  current  (perhaps  180  amperes  instead  of  20J,  and  as  the 
current  rapidly  falls*  you  are  able  to  put  in  the  charge  in  a  fraction  of 
the  time  ;  in  fact,  the  major  portion  of  the  charge  is  put  in  in  abiut  40 
or  60  minutes  instead  of  in  (say)  3  hours  and  20  minutes,  and  (which  is 
very  important)  you  get  no  gassing,  because  the  gassing  does  not  occur 
until  the  current  has  been  reduced  to  (say)  ^o  amperes.  Apparently  it  is 
not  the  high  voltage  that  causes  gassing;  gassing  occurs  quite  at  the  end 
of  the  charge,  whether  you  raise  the  potential  difference  to  keep  the  current 
constant,  or  keep  the  potential  difference  constant  and  let  the  current  fall, 
Jn  the  former  case  you  cannot  prevent  gassing  without  stopping  a  great 
deal  of  the  energy  being  put  into  the  cell ;  whereas,  in  the  latter  case, 
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Fig.  C— Tudor  Cell  Charging  at  a  Constant  Current  of  20  Amperes. 


you  can  entirely  cut  off  the  gassing,  because  if  you  stop  charging  at  the 
moment  when  gashing  commences^  you  will  already  have  put  in  almost 
the  whole  of  the  energv-  required,  Vou  might  have  thought  the  very 
large  current  in  charging  at  constant  pressure,  owing  to  lis  production 
of  very  strong  acid  in  the  pores,  would  not,  according  to  Mr*  Wade's 
idea,  allow  nujch  energy  to  he  put  into  the  cell  ;  on  the  contrary,  this 
arrangement  puts  more  encrg>'  into  the  cell  in  a  short  tntie  than  the 
other  puts  into  it  in  three  or  four  times  the  time.  Further,  not  only  is 
more  energ\'  put  into  the  Tudor  cell  at  c^ch  of  the  charges  at  constant 
P.D.  than  at  each  of  the  charges  at  constant  current,  but,  what  is  equally 
liiiportant,  more  energ_y  is  given  out  by  the  cell  at  each  of  the  discharges 
after  a  constant  P-D.  charge  than  at  each  of  the  dischargejj  after  a  con- 
stant current  charge.    This  is  shown  clearly  in  Ihc  table  otv  ipa^t  WY*— 
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With  such  an  extremely  rapid  production  of  sulphuric  acid  in  the  pores 
it  mi^ht  be  inferred  from  Mr.  Wade'-i  paper  that  you  could  not  get 
much  energy  in,  your  cell  woukl  act  very  badly,  there  would  be  a  great 
deal  of  gasiiin<^,  and  tlie  electrolyte  would  bu  forced  out,  etc.  For  he 
says  in  his  paper:  *'Thc  outer  layers  of  active  material  will  absorb 
more  than  their  due  prcportion  of  the  current,  and  liy  the  time  they 
arc  fully  desulphaled  the  inner  layers  n.s  yrt  only  partially  charged,  will 
Ik;  surrounded  by  abnormally  strong  acid  to  enable  tliem  to  maintain 
an  equivalent  voltage.  IJnIess,  therefore,  the  current  is  prolonged  for 
a  lime  after  *"  gassing"  has  commenced  and  the  end  of  the  recharge 
only  determined  by  a  sufficiently  high  potential  difference  being  attained, 
there  is  some  likelihood  of  the  inner  layers  not  receiving  their  proper 
charge  at  all."  But,  in  practice,  you  get  nothing  of  the  kind.  By 
making  the  current  ^iome  170  amperes  at  first,  and  letting  it  fall  as  it 
does  fairly  rapidly,  you  first  diminish  the  time  of  charging  by  more  than 
two-thirds,  you  prevent  all  gassing,  and  put  more  unergy  into  the  cell  as 
well  as  get  more  energy  out  of  the  cell  than  you  can  with  constant 
current.  I  put  that  before  Mr.  Wade  because  the  very  important 
practical  result  appears  somewhat  to  oppose  his  theor)''  lliat  the  im- 
portant defect  in  the  existing  accumulator  is  the  abserjce  of  sufficient 
molecular  porosity, 

Mr  W.  Hiui^EKT  :  I  confess  that,  although  I  have,  perhaps,  as  high  Wf^  Hibb 
an  opinion  of  the  paper  as  that  expressed  either  by  Professor  Armstrong 
or  by  Professor  Ayrton,  I  shall  not  be  able  quite  so  consistently  to  agree 
with  the  author.  We  began  working  at  this  subject  in  Dr.  Gladstone's 
laboratory  in  the  earliest  days  of  the  accumulator,  and  as  I  myself  worked 
at  every  experiment  that  has  tieen  tried  there,  both  on  the  chemical 
and  on  the  physical  side,  I  am  well  acquainted  with  the  history  of  the 
subject,  Vp  to  the  time  at  which  the  work  was  begun,  it  was  the 
common  practice  to  attribute  the  actions  that  were  going  on  to  the 
action  of  hvdrogen  and  oxygen,  and  the  presence  and  function  of 
sulphuric  acid  was  altogether  ignored.  When  the  first  papers  were 
published,  the  iheory  advanced  was  not  accepted.  Dr.  Frankland, 
in  the  following  year,  18B3,  advanced  the  same  Iheory  in  a  slightly 
different  form,  and  from  that  day  to  this  there  have  been  investigations 
by  Reynier,  Crova,  Heini  and  Kohlratisch,  A>Tton.  Robertson,  etc.,  all  of 
W'hich  lend  to  confirm  the  notion,  admitted  even  by  Mr  Wade,  that  the 
sulphate  of  lead  is  the  thing  which  is  actually  formed  in  the  cells.  You 
will  find  in  the  January  issue  of  ScUncc  Ab^tracis  (Abstract  No*  242) 
an  exceedingly  good  paper  by  Mugdan  which  is  wel!  w^orth  study,  but 
which  I  am  afraid  does  not  confirm  ijome  of  the  conclusion*  drawn,  and 
sonK*  ot  the  positions  taken,  by  Mr.  Wade,    To  be^m  mftv,^T,^&^ 
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At.  Hibbert,  explicitly  says  thai  ht  founds  hi^  position  largely  upon  the  fact  that  the 
lead  on  the  one  side  and  the  peroxide  of  lead  on  the  other  are  in 
allotropic  modifications,  Dr,  Armstrong  rightly  says  that  the  paper  Is 
exceedingly  logical,  but  I  fear  that  its  premises  arc  not  right.  I 
challenge  the  position  that  the  lead  and  tiic  peroxide  of  lead  are  in  an 
alio  tropic  condition.  The  proof  of  that  depends  upon  experimental 
trial  atid  examination  ;  and  if  Mr,  Wade  wished  to  put  the  full  benefit 
of  his  theory  l>cfore  us,  he  should  have  expended  his  strength  mainly 
upon  that  particular  portion  of  his  work.  My  reason  for  challenging  it 
is  this  ;  He  quotes,  in  the  ttrst  place^  the  \¥ork  of  Darrieus*  who 
described  certain  experiments  tending  to  show  that  the  lead  in  the 
accumulator  is  in  a  condition  different  from  that  of  ordinary  lead*  Mr, 
Wade  mentions  in  support  of  this  that  any  mechanic»ally  prepared  lead, 
even  in  a  very  finely  divided  condition,  will  have  but  a  fraction  of 
the  capacity  of  tlic  lead  prepared  by  electrolysis  ;  and  that  the  lead 
in  a  negalivc  plate,  if  exposed  to  the  air,  very  rapidly  undergoes 
oxidation,  giving  rise  to  a  great  evolution  of  heat,  I  have  repeated 
some  twenty  limes  the  experiment  of  Darrieus,  which ^  on  the  surface, 
appears  to  be  an  easy  one,  but  is  not  really  so  ;  but  I  have  generally 
failed  to  get  any  conttrmation  of  his  theory*  My  reason  for  doubting 
the  allotropic  condition  of  the  peroxide  on  the  other  plate  of  the  battery 
is  that  Dr.  Shields  an  exceedingly  capable  experimenter,  determined 
the  electrical  resistance  of  different  spec  miens  of  lead  peroxide^  some 
prepared  elcctrolytically  and  some  by  pure  cheuiical  agency,  and  the 
difference  between  the  speciiic  resistances  of  the  two  materials  was  so 
small  that  1  think  the  observation  tells  very  strongly  in  favour  of  the 
idea  that  they  do  not  differ  in  any  allotropic  sense.  Moreover,  17  or 
1^  years  ago  1  made  accumniators  in  which  the  negative  plate  was  made 
of  lead  that  had  been  precipitated  from  the  acetate  by  means  of  metallic 
zinc,  a  well-known  method  of  getting  hnely  divided  lead^  and  one  that 
does  not  involve  any  kind  of  electrolytic  operation*  Unfortunately  I 
have  not  access  to  Mr.  Tribe's  note-books,  containing  the  details  of 
these  experiments  which  1  am  now  speaking  of,  and  which  were  not 
done  in  Dr.  Gladstone's  laboratory :  but^  as  far  as  I  rememberp  the 
negative  plates  containing  lead  precipitated  by  zinc  showed  the  samo 
E.M.F.  and  the  same  capacity^  to  all  intents  and  purposes*  as  the 
negative  plates  prepared  electrolytically,  I-^or  these  reasons  I  venture 
to  say  that  the  basis  of  argument  is  not  sufficiently  w^ell  founded,  and 
tliat  we  have  no  good  reason  for  supposing  that  either  leatl  or  peroxide 
of  lead  arc  in  allotropic  conditions.  A  very  great  deal  depends  upon 
that  J  and  I  need  not^  therefore^  follow  some  of  the  developments  which 
Mr.  W*ade  founds  upon  this  assumption  in  the  course  of  his  paper. 

Dr  Armstrong  has  intimated  that  there  is  a  great  deal  still  to  be 
found  out.  That  must  be  frankly  admitted^  but  it  is  very  important 
that,  in  trying  to  find  it  out^  w^e  should  remember  what  has  already 
l>een  discovered.  My  reason  for  mentioning  that  is  the  statement  on 
p.  493,  that  "  Fully  charged  active  materials  maintain  their  normaJ  con- 
dition with  considerable  tenacity,  but  it  is  quite  possible  that  the  very 
gradual  Joss  oi  capacity  so  often  experienced  by  negative  electrodes,  and 
tot  which  no  satisfactory  explauaUcm  \va^  ^el  \k.kx\  o&^xcAi,  may  be  due 
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to  a  chaiij^c  of  moteciilar  structure,  Clciirly  there  b  a  tendency  here  to 
found  explanations  in  the  chan^e^  of  malecuhir  structure.  Yet  Professor 
Ayrtons  paper,  in  1890,  gives  the  cKpIanation  sought.  His  papers 
showed  that  when  the  eel  is  are  allowed  to  stand,  liydrogen  gas  is,  after 
a  time^  evolved  from  the  lead  plates  by  simple  chemical  action*  Lead 
sulphate  is  being  formed  in  Ihe  pores  of  the  lead  plate,  and  necessarily 
the  capacity  diminishes  witli  the  lapse  of  time.  Professor  AyrtoHp  in  a 
note  to  that  papcn  showed  that  Dr  Gladstone  and  I  had  described  the 
same  fact  a  month  or  two  previously  in  the  Phitosophiajt  Magasinc.  I 
have  since  found  that  Strcintz,  a  German  worker  ruferred  to  in  the 
paper,  had  made  the  same  observation  before  Dr.  Gladstone  and  my^ielf 
had  seen  it.  But  at  a  still  later  date  1  have  found  that  at  least  two  or 
three  years  previously  Mr.  Swinburne  had  observed  the  s;ime  f act »  and 
de>cril^ed  it  in  the  Journal  of  this  Institution,  Hence  it  will  not  do  to 
go  on  making  new  observations  until  one  is  acquainted  with  what  has 
already  been  done  in  these  matters. 

There  are  three  other  points  I  should  like  to  refer  to.  Mr,  Wade  has 
%'cry  rightly  dwelt  upon  the  importance  of  porosit3\  But  I  venture  to 
draw  attention  to  an  addend  tun  to  a  paper  read  by  Dr.  Gladstone  and 
inys<;lf  *'  On  the  Cause  of  the  Changes  of  Electro-ni olive  Force  in 
Secondary  Batteries  "  in  the  session  follow^ing  Professor  Ayrton's  paper 
I  sec  this  JouruaU  1892,  voh  xxi,.  p*  440),  I  quote  this  at  some  length 
because  it  puts  the  point  very  succinctly,  and  it  is  worthy  of  your  atten- 
tion. **  Although  we  did  not  undertake  this  investigation  with  the 
object  of  improving  secondary  batteries,  there  is  one  suggestion  we  , 
should  like  to  make,  i.e.,  the  desirability  uf  promoting  dift^u^ion  as  niuch 
as  possible.  V\-e  believe  that  this  is  becoming  more  and  more  the 
practice  among  those  who  make  accumulators,  and  the  previous  con- 
siderations furnish  three  reasons  for  such  a  procedure,  It  is  well 
know^n  that  the  accunmlation  of  stronger  acid  at  the  Jower  part  of  a  cell 
during  its  working  is  disiidvantageous.  This  is  believed  to  create 
differences  of  current -density  in  different  parts  of  the  plate,  and  we  have 
shown  that  it  will  also  give  rise  to  potential  differences  of  fairly  large 
value  on  each  of  the  plates,  and  thus  produce  local  action  and  ttie 
formation  of  lead  sulphate.  This  inequality  would  he  diminished  if  the 
diffusion  of  the  acid  could  be  promoted,"  Mr,  Wade  will  forgive  me,  I 
am  ^urt%  when  I  say  that  that  appears  to  me  to  be  almost  a  paraphrase 
of  a  passage  in  Mr,  Wade's  paper.  This  is  the  second  reason:  "The 
fall  of  E3LF,  at  the  close  of  discharge  leaves  a  large  fraction  of  the 
tifitective  material  not  acted  upon.  71iis  is  mamly  due  to  the  w*eakness 
of  the  acid  against  the  plates  on  account  of  the  interstices  being  so  much 
clogged^  and  it  would  be  counteracted  to  a  considerable  extent  if  the 
diffusion  could  be  increased.  When  a  cell  has  been  discharged  at  below 
r8  volts,  there  occurs  the  destructive  action  called  'scaling/  We  are 
disposed  to  attribute  this  to  abnormal  chemical  action  arising  from  the 
very  weak  acid  ;  and  if  this  be  true,  increased  diffusion  would  in  this 
case  also  act  as  a  remedy/' 

^Vgairip  i  shi>uld  like  to  refer  to  the  attempt  already  mentioned  by 
Protestor  Ayrton  to  give  an  explanation  of  why  it  is  advantageous  lo  c^aS. 
oft'  the  Jast  part  of  the  curve  of  discharge.     If  I  mi^ht  comm*£i\d  ^tt^ 
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Mf,  Hibbtrt    papers,  it  wouid  be  tbosc  contributed  by  Pro/e&sor  Ayrton  and  three  cd 
his  students  to  Ibis  Institutioii  in  the  jL-ar  1890.     The  paper  which  I 
iuive  already  referred  to,  contributed  to  tlie  Journal  by  Dr.  Gladstone 
and  myself  sub^quent  to  the  publication  of  tho&e  curves,  in  mv  opinion 
reveals  the  reason.    The  main  argument  is»  that  as  the  acid  strength  in 
the  working  materials  changes,  the  electro-motive  force  and  therefore 
the    potential   difference   vary   very   largely.      In   the    paper   wc  give 
repeated  experiments  to  show  that  when  the  eUdro-moiive  force  has  a 
value  of  176,  the  strength  of  the  acid  of  the  pores  of  the  plates  is  rz  pet- 
cent.     A^ain,  that  when  the  electro-motive  force  has  fallen  to  1*5^  the 
amomit  of  the  acid  in  the  pores  is  a  trace   only^not   a  measurable 
quantity.     There  is  acid  present  ;  it  is  not  pure  water,  but  it  is  only  jitst 
removed  from  it.     Now,  Professor  Ayrton's  curve  is  not  an  electro- 
motive force  curve  ;  it  is  tlie  potential-difference  curve  ;  that  is  to  say» 
the  electro-motive  force  is  a  trifle  higher  in  the  discharge  curve  than 
in  the  potential-difference  curve.     But  if  you  will  compare  the  data 
given  in  our  paper  with  the  data  derived  from  Professor  A>Tton's  curve, 
you  will  see— and  it  is  stated  here  (Journal,  1P92.  p,  427) — tliat  it  is  almost 
alisulutely  eertain  that  at  that  time  the  acid  liad  altogether  gone  from  the 
pores  of  the  cell,  and  inside  the  pores,  wlierc  the  chemical  actions  are 
at  play,  you  have,  to  ail  intents  and  purposes,  pure  water.    So  long  ago 
as  the  year  1882  Dr*  Gladstone  and  Mr.  Tribe  published  not  only  what 
is  called  **  the  double  sulphation   theory/*  but  in  the  same  series  of 
paper Sj  including  their  little    book,  they  also  show^ed  that  if  at   any 
lime  or  for  any  reason  the  acid  chances  to  disiippear,  the  chemical 
action  changes  altogether  :   that  is  to  say,  you   no  longer  gel   these 
normal  sulphates*     In  the  presence  of  liquid  which  no  longer  contains 
the  requisite  SO^,  there  is  formed  a  tiydrated  oxide.     Therefore,  after 
the  potentiat  difference  reaches  1*8  volts  in  the  discharge  curve,  you 
are  dealing  with  a  region  in  which  the  chemical  action  can  no  longer 
be  in  accordance  with  the  double  sulphation  theory*     There  arc  now 
molecules  of  hydrate  of  lead,  soluble*  and  therefore  travelling  in  the 
water.     These   subsequently  form  sulphate^  not  in    the  eleclroKiic 
circuit,  where  commonly  sit  I  ph  ate  is  formed,  but  in  the  regions  where 
it  is  no  longer  so  susceptible  to  the  action.     Formed  in  this  wav,  it 
gives  rise  to  expansive  forces  that  tend  to  produce  the  thick  scales  and 
sediment  at  the  bottom  of  the  cell     That  is  the  reason  why  Professor 
Ayrton  and   his  colleagues   got  the  sediuient   which   Mr,  Robertson 
analvsed  and  found  to  have  a  composition  of  PbOa  +  PbSO^,  formed 
under  conditions  when  the  cells  were  being  discharged  down  to  this 
particularly  low  point. 

Finatly,  it  is  stated  in  the  paper  that  the  sulphation  theory  cannot 
be  altogether  true,  because  there  ought  lo  be  a  definite  equation  for  a 
dclinitc  E.MtK,  Tlie  E.M.F^f  or  rather  the  potential  difference,  is  con- 
tinuously falling,  and  as  a  consequence  you  get  the  argument  that  the 
equation  cannot  hold  strictly  true  all  through.  That  is  a  perfectly  vidid 
position  to  take,  but  it  ignores  the  fact  tliat  in  writing  the  equation  in 
the  tolerably  simple  form,  H5SO4,  is  sulphuric  acid  at  large.  But  no  one 
has  the  right  to  ignore  the  fact  that  water  is  there^  although  it  is  com- 
mQti}\'  ignored.     If  the  equation  is  tg  be  put  in  a  diHtjrcnt  form,  what 
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ought  to  be  done  is  to  write  HsS04 .  ti  H^Oj  and  since  n  h  constantly 
varying,  the  E.M.F.  onj^ht  to — and  dous— change  very  gradually.  There 
is  now  a  definite  equation  for  a  dcfniitc  E.M.F. 

Mr.  Wade  explains  the  wcU-known  phenomena  which  occur  at  thu 
end  of  discharge  b^^  supposing  that  there  h  then  a  sndden  risu  in  the 
resistance  of  the  active  masses.  When  these  reach  a  particular  degree 
of  sulphation,  the  resistance  paisses  through  a  critical  value,  thence- 
forward increasing  much  more  rapidly. 

Now,  the  degree  of  sulphation  of  a  cell  at  the  end  of  discharge  is 
practically  identical  with  that  at  the  beginning  of  charge,  and  if  Mr* 
Wade's  hypothesis  be  well  founded,  there  ought  to  be  great  similarity 
in  the  linal  resistance  in  dtscliarge  and  the  initial  resistance  in  charge* 
But  tliis  is  not  llie  case.  On  the  contrary,  in  the  change  from  the  hnish 
of  di5?charge  to  the  begin ning  of  charge,  tlve  resistance  falls  to  seven- 
elevenths  of  its  value,  {J.  Inst.  Ekt\  En^r^,,  1890,  pp.  5^1,  s^>^)-  Clearly 
the  higher  resistance  of  the  one  cannot  he  due  to  the  fact  in  which  Imth 
agree,  namely,  the  degree  of  sulphation.  Moreover,  it  is  when  there  is 
least  sulphate  on  either  plate,  that  is,  at  the  end  of  charge,  that  the 
resistance  has  its  liighest  value, 

Mr.  G.  L.  Addenrhookk  :  I  should  like  to  point  out  that,  if  we  can, 
as  Mr.  Wade  holds  out  some  hope  of  doing,  increase  the  capacity  of 
accumulators  for  the  s;tmc  price  by  about  20  or  30  per  cent.,  it  would 
increase  the  opening  for  accumulatori>  not  by  20  or  30  per  cent.,  but 
probably  by  three  or  four  times.  There  are  a  great  number  of  places 
where  accumulators  could  be  used  with  great  advantage  if  we  could 
thus  increase  their  output  for  a  given  expenditure,  and  if  they  could  be 
maintained  for  something  like  the  amount  at  present  necessjiry, 

Mr.  G.  C,  Allingham  :  I  would  tike  to  point  out  that  the  primary 
action  in  the  discharge  uf  a  cell  is  really  one  of  single  sulphation.  The 
sulphuric  acid  is  electrolysed  during  the  discharge  ;  we  get  hydrogen 
ions  given  off  at  the  peroxide  plate,  and  sulphion  Ions  given  off  at  the 
spongy-tead  plate.  The  ^ulphion  ions,  combining  with  the  spongy 
lead,  form  a  sulphate  exiiclly  in  the  way  Mr.  Wade  has  described  ;  but 
the  hydrogen  ions  first  of  all  simply  reduce  the  peroxide  to  a  tower 
cxid  e .  T  he  u  1  timate  oxi  de  prod  uced  is  probably  t  he  sesq  ui  -ox  i  de — Pb^Oj. 
This  formula,  which  corresponds  to  what  Mr,  W^ade  calls  50  per  cent, 
sulphation,  seems  to  me  to  explain  very  simply  how^  it  is  that  the  active 
material  can  never  be  discharged  below  this  point.  The  lead  in  the 
peroxide  has  a  valency  of  4.  When  the  peroxide  plate  is  fully  dis- 
charged, the  valency  of  the  lead  becomes  3.  The  sesqui -oxide  which 
is  produced  by  the  reduction  of  the  peroxide  by  the  hvdrogen  ions  is 
then  acted  upon  by  t!ie  sulphuric  acid  and  produces  a  sulphate.  As 
n  matter  uf  fact,  it  is  probably  not  Fb.O^,  but  a  hydrate,  such  as 
Pb^QH)*,,  that  is  formed,  and  the  action  ot  the  sulphuric  acid  on  this 
produces  a  b^isic  sulphate,  Pb^^OHj^SO^,  the  formula  of  which  corre* 
sponds  wnth  Mr,  Wade's  Ph^CSO^,  except  that  the  oxygen  is  replaced 
by  hydroxy h  which  1  think  is  rather  more  probahlt.  This  v^-ay  of 
looking  at  the  matter  seems  to  me  slightly  to  modify  one  or  tw^o  of 
Mr.  Wade's  arguments.  Thus,  the  sulphation  of  the  peroxide  pMe 
being  produced  by  chemical  action,  depletes  the  potes  ol  aucVd^  ^Tsa^OiVs 
vot.  %%A%,  85 
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as  Mr.  Waric-  h:i^  fic-criU-fl.  But  tht-  acid  wluch  i-  i:-cd  tor  the  stilpha- 
tioii  of  tJjc  »'p'..n;»y-lLacl  plate  'S  Cirricd  t'»  it  elect rohlicMlly.  The 
siilpjjioii  utu-  travel  iroin  the  W^dy  of  tlje  li-i'.'.id  :  therefore,  as  far  as  I 
am  -ce.llie  -ulpljiitiori  of  the  -pon;,'y-le.id  plate  i?  not  carried  out  at  the 
cxpen-e  of  the  acid  in  it^  immediate  nei.Lihbi'urhoixi  and  in  its  pores 
at  all.  Hence  there  -eem^  t'»  bi-  no  re:i-'.n  why  the  acid  in  the  pores  of 
the  '•pon;^v-lead  plate  -hould  he  weakened  at  all.  If  it  were  possible 
tliat  the  -i>on;4y-lead  phile  could  he  imperfectly  Milphated.  the  acid  in 
il^  pore-  would  po-itively  ;iet  »»lp)n;^er.  owin^  to  the  sulphion  ions 
carried  to  the  plate  not  heinj^  entirely  absorbed  by  the  plate.  Any 
cIoj^;^in;4  of  the  *-pon;^y  lead  plate  w<Mild  therefore  Ix?  due,  not  to  the 
exhausiiriii  r>f  tlie  acid  in  it>  pore--,  but  merely  to  tlie  conductivity  of 
the  active  material  beinj»  hi>»lier  than  that  of  the  >olution.  causing  the 
outer  layer  to  take  more  than  il<  fair  >hare  of  the  load. 

During  the  charge,  of  cour>e.  acid  is  liberated  at  both  plates,  but 
accord in)4  to  thi^  view,  more  acid  will  be  liberated  at  the  peroxide 
plate  than  at  tlu-  ^pon^y-lead  plate. 

Mr.  Warle'^  paper,  to  my  mind,  ^how^  the  importance  of  diffusion, 
not  only  into  the  poro  of  the  platen,  but  also  in  the  body  of  the  cell. 
If  there  were  no  diffu'-ion  in  the  cell,  we  should  gradually  get  all  the 
acid  exhausted  from  the  bcKly  of  the  cell  and  collected  at  the  two 
plates  ;  and  this  seems  to  me  to  render  hopeless  the  various  attempts 
that  some  inventors  have  made  to  make  M>-called  dry  accumulators  by 
filling  up  the  space>  between  the  plate^  with  absorbent  materials. 

It  is  probable  that  the  compound  Pb  ,S04  is  formed  by  the  sulphation 
of  the  spongy-lead  plate  during  discharge,  as  Mr.  Wade  suggests  :  but  if 
so,  I  think  it  should  be  looked  upon,  not  as  a  compound  of  metallic  lead 
with  normal  sulphate,  but  as  the  Mibsulphate,  or  sulphate  of  monad  lead. 
There  does  not  seem  at  present  to  be  much  experimental  confirmation 
of  the  existence  of  such  a  compound.  According  to  this  vit*w,  the 
normal  di.scharge  produces  a  sulphate  of  triad  lead  on  the  peroxide 
plate,  and  a  sulphate  (^f  monad  lead  on  the  spong\'-lead  plate,  and  what 
is  conmionly  called  "  sulphating"  is  the  formation  of  the  sulphate  of 
diad  lead  { PbSO^)  wliich  occurs  if  the  sesquisuiphate  on  the  "  peroxide 
plate,"  or  the  subsulphate  on  the  "spongy-lead  plate"  he  further  dis- 
charged. I  venture  to  think  tliat  this  explanation  sufficiently  accounts 
for  the  phenomena,  without  the  necessity  for  assuming  that  the  active 
material  has  a  complicated  polymeric  molecular  structure. 

1  think  **  sulphating"  may  always  be  accounted  for  by  overdischargc 
of  tlie  active  material,  either  general  or  local.  Thus  rapid  discharges 
may  overdischargc  the  surface  of  the  active  material,  producing  a  skin 
of  white  sulphate.  If  the  lead  grid  or  support  of  the  peroxide  plate  is 
accessible  to  the  acid,  there  will  be  a  IM).  set  up  between  it  and  the 
peroxide  active  material,  producing  local  currents  which  may  eventually 
overdischargc  tlie  portions  close  to  the  support,  causing  the  sulphating 
at  the  grid  which  is  so  often  noticed.  The  spongy-lead  plate  may  also 
be  ovcrdischarged  by  local  action.  This  local  action  is  exactly  similar 
to  that  on  the  zinc  in  a  primary  battery  and  is  caused  by  the  P.D.  set 

jldwecn  the  lead  and  more  electronegative  metals,  which  exist  as 
•itiM  in  the  spongy  lead  '\lse\i,  oi  wy  vW  soVwUon,  from  which  they 
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arc  dt-pohitcd  on  to  thu  ^pong>*  luad  during  the  charge.  These  parlick-s  J^mf^^'^^" 
of  mtital  produce  local  currents,  which  ultimatLily  produce  patches  of 
sulphate,  witti  evolution  of  hydrogen,  especially  if  the  cell  be  allowed 
to  i^tand  for  a  considerable  time  on  open  circuit.  These  impurities,  and 
the  sulphate  tbey  produce,  gradually  clog  the  spotig\'-iead  platens,  and 
cause  their  capacity  to  diminish  in  time ;  the  effect  of  reversing;  them 
is  to  redissolve  the  impurities  in  the  acid,  and  purify  the  spongj^-lead 
active  material  Tliis  reversal  should  always  be  carried  out  with  dummy 
peroxide  plates,  and  the  acid  used  during  the  operation  should  not  be 
used  again  in  the  cells,  as  it  of  course  contains  the  impundcs  out  of  the 
spong}'4ead  plates.  The  great  leisson  taught  by  the  decrease  in  capacity 
of  spong_v-lead  plates,  which  troubles  storage  battery  makers  so  much> 
is  to  keep  all  ihe  materials  and  acid  used  for  the  battery  as  pure  as 
possible,  and  neglect  of  this  precaution  was,  I  beiieve,  one  of  the  chief 
causes  ot  the  early  troubles  experienced  viith  storage  batteries. 

The  gradual  fall  of  electromotive  force  during  discharge  maybe  due 
to  the  variation  of  the  adjuvant  E*M.F.  produced  by  the  chemical  action 
of  the  suJphnric  acid  on  the  PKO,  at  the  peroxide  plate^  which  falls  as 
the  strength  of  the  acid  round  the  peroxide  plate  falls, 

Mr*  W.  R.  Cooper:  Although  I  appreciate  the  clearness  of  Mr.  Mr.  Cooper, 
Wade's  paper,  yet  I  cannot  help  feeling  that  it  is  a  mistake  to  introduce 
further  complications  into  this  subj  ect,  which  is  already  very  complicated, 
if  it  can  possibly  be  avoided.  One  feeU  tempted  to  ask,  Are  all  these 
complications  really  necessary?  They  have  been  brought  about  by 
various  causes,  among  which  may  be  mentioned  the  attempts  to  deduce 
a  satisfactory  value  for  the  E*M.F,  from  the  Kelvin  equation.  The 
more  general  equation  due  to  Helmholtz  is  generally  disregarded  for 
unaccountable  reasons.  Further,  most  thermo-chemical  data  are 
inexact,  and  have  been  determined  under  conditions  Nvhich  differ  from 
those  in  the  cell.  If  the  cell  is  looked  tipots  as  a  primary  one  consisting 
of  lead,  sulphuric  acid,  and  lead  peroxide,  the  voltaic  reaction  which 
suggests  itself  is  simply  the  formation  of  lead  sulphate  at  the  lead  plate, 
the  lead  peroxide  acting  as  a  depolarise r  and  beirig  reduced  by  the 
polarising  hydrogen  to  FbO,  or  metallic  lead,  any  sulphate  formed  at  the 
peroxide  plate  being  due  to  a  secondary  reaction.  This  view*  does  not 
meet  with  approval  because  the  E.M.F.  deduced  from  these  reactions 
by  tliermo-chemical  data  is  much  lower  than  the  observed  E.M.F»  of  a 
secondary  celL  But  it  is  necessary  to  remember  that  the  secondary 
cell  differs  very  considerably  from  the  primary  cell  The  electrolyte  is 
not  merely  sulphuric  acid,  and  that  which  is  in  the  pores  may  be 
relatively  concentrated.  Spongy  lead  may  also  differ  considerably 
from  ordinary  lead.  Consequently,  the  usual  thermo-chemical  data 
may  be  inapplicable.  This  point  of  view  has  been  taken  up  by  M. 
Darrieus,  who  finds  that  the  voltaic  difference  between  spongy  and 
ordinary  lead  is  o'34  volt  ;  and  he  concludes  that  the  calculated 
E,M.F»  is  equal  to  that  observed  if  such  considerations  are  taken  into 
account.     AUliough  Mr.  Hibbert  has  apparently  failed  to  confirm  the  i 

results  of  M,  Darrieus,  I  do  not  think  that  this  simple  view  has  received  ' 

snftictent  attention*     A  simple  view  is  preferable  to  a  complkaliyi  <itwi, 
,ind  it  is  to  Ih;  hoped  that  further  i five stigat ions  mU  be  cartVtd  "wv  x.'tvst 
ibv  M.  Darrie 
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.Onroper.  Tiirnin.:;  now  to  the  papur  irsclt.  Mr.  W^dc  >u;LO?e>rs  a  complex 
molecule  for  U.arl  ;infl  the  wtri'iu^  lead  cumpuund-i.  I  think  that  there 
mii>t  he  'iome  mi'«indr;r^Mndin^  •■n  this  pijint,  as  this  view  is  held 
^enenilly  for  all  -olid^.  In  the  ca^  '^t  ^p'lnjjy  lead,  it  would  be 
expected  that  the  niolrciilcs  arc  lei<  compk-x  rather  than  more  complex 
than  tho>»<:  of  orrlinary  lead,  a^  thi-  w-juld  more  ea>ily  account  for 
greater  activity.  We  -.lioiild  expect  activity  to  increa>c  a>  the  number 
of  atonic  in  the  molecule  dimini^he--.  fr,r  it  i>  only  necessary  to  go  to 
the  Hmit  of  atomic  '«nb-divi^ion  to  obtain  the  m;iximum  of  activity. 

The  authfir  al>o  sug;^e>t>  vari«jus  complicated  sulphates  which 
conduct,  but  whicli  are  liable  to  pass  into  ordinary  lead  sulphate,  and 
thu>  lose  their  conductivity.  There  doe>  not,  hinvever.  appear  to  be 
any  reas^'jn  why  these  complicated  >alts  >hould  be  better  conductors 
than  PbSO^,  and  it  i^  questionable  whetlier  tlie  change  in  the  con- 
ductivity of  lead  sulphate  which  i-.  ob-.erved  when  **  sulphating "  takes 
place  cannot  be  more  reasonably  explained  by  >impler  changes  such 
as  cry^talli^ition,  hydration,  etc. 

'J'he  various  complicated  salts  propo>ed  by  the  author  are  theoreti- 
cally somewhat  improbable,  and  it  is  doubtful  whether  they  give  a 
really  simpler  explanation  than  that  afforded  by  mixtures. 

■.  Swin  Mr.  J.  SwiXHiKXE  :  Mr.  Wade  goo  over  a  great  deal  of  ground 

that  ha^  been  lraver>ed  ten  or  even  twenty  years  ago,  without  realjy 
giving  any  new  reasons  for  hi>  rather  revolutionary  ideas.  Most  of  the 
phenomena,  I  think,  of  secondary  batteries  can  be  explained  on  the 
simple  sulphate  theory  that  has  been  held  now  by  a  great  man}'  people 
for  very  nearly  twenty  years.  There  are,  of  course,  matters  which 
ob>ciire  tlif  rr-^ult.  The  iirst  is  that  the  sulphate  of  lead  apparently  is 
a  nr)n-c<»riduclor.  Mr.  Wade  seem>  to  regard  the  materials  as  mixtures, 
or  rather  compounds  of  very  curious  chemical  composition ;  but  most 
of  these  effects,  I  think,  can  be  explained  by  remembering  that  the 
sulphate  formed  is  an  insulator,  and  that  the  sulphuric  acid  in  the 
coating  is  apt  to  get  used  up  during  discharge,  and  therefore  the  E.M.F. 
is  dependent  on  the  strength  of  the  acid  in  the  pores  which  gets  used 
up.  In  dealing  with  the  question  we  ought  always  to  remember  that 
tlie  chief  chemical  action  in  such  a  case  as  running  a  secondary  battery 
clown,  is  the  formation  of  water.  Water  is  so  cheap  that  we  are  apt  to 
look  upon  it  as  unimportant  ;  whereas  in  modern  chemistry  we  ought 
to  regard,  generally,  the  formation  of  water  as  the  vital  part  of  the 
equation.  I  see  Mr.  Wade  says  that  sulphate  of  lead  cannot  be  reduced 
or  oxidised.  That  theory  or  experiment  was  first  mentioned  by  Lord 
Kelvin  sumething  like  twenty  years  ago,  but,  unfortunately,  it  is  not  the 
fad.  It  is  simply  that  the  sulphate  of  lead  is  an  insulator.  It  insulates 
very  thoroughly,  but  if  you  get  sutficient  pressure  you  can  take  pure 
sulphate  of  lead  and  either  reduce  it  or  oxidise  it.  Ordinarily  it  is  a 
question  of  getting  contact,  and  if  you  mix  a  very  little  litharge  or  red 
lead,  or  something  of  that  kind,  you  will  lind  your  sulphate  of  lead, 
Although  it  may  have  been  precipitated,  will  be  perfectly  amenable,  and 
will  do  what  yon  want  it  to  do.  1  proved  that  in  1882,  and  it  is  rather 
^miporUiit  matter.  On  the  other  hand.  Mr,  Wade  seems  to  think 
'cry  cannot  possibly  run  down  to  pure  sulphate,  that  it  may 
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run  down  to  one  of  his  curious  compounds,  and  the  compound  after-  JJr.  swin- 
ward^,  for  ^ome  reason  of  its  own,  may  cliange  to  pure  sulphate-  As 
a  matter  of  fact^  if  you  lake  a  thin  coating  you  can  very  often  run  it 
down  till  it  is  quite  white,  and  the  white  coating  of  the  reduced  plate 
is  often  such  a  thorough  insnlator  that  a  piece  of  lead  in  apparent 
contact — even,  perhaps,  forcibly  pressed  against  it — wiU  not  make 
contact.  Any  one  who  has  not  had  very  much  to  do  witii  batteries  will 
be  astonished  to  find  the  difficulty  of  secnritig  contact  iu  llie  reduced 
plates,  and  it  is  always  due  to  these  very  thin  Hlmn  of  sulphate.  The 
coating,  under  these  circumstancc^i  with  that  explanation,  will  naturally 
tend  to  |Jo  down  into  iiolphate,  or  go  np  into  sulphate,  as  the  case  may 
be,  until  the  sulphate  practically  insulates  iU  The  mixture  of  a  con* 
duetor  and  an  insulator  will  generaUy  conduct  till  j'ou  get  down  to 
about  15  per  cent,  of  the  conductor  among  the  insulatori  and  then  you 
generally  find  that  it  comes  to  a  point  at  which  it  will  no  longer 
conduct,  I  am  thinking  now,  for  the  inoment,  of  a  large  amount  of 
work  that  has  been  done  lately  in  making  Ncrnst  and  other  lamps. 
The  phenomena  of  mixturc^i  of  conductors  and  insulators  is  very 
curious.  But  I  think  they  probably  account  for  the  whole  of  the 
apparently  anomalous  actions  of  the  cells.  The  fact  that  a  cell 
wjU  sulphate^  that  is  to  say,  will  go  from  a  conducting  into  a  Jion- 
conducting  body,  is  probably  explained  by  the  conducting  body 
consisting  of  sulphate  of  leadj  containing  cither  very  little  peroxide 
mixed  up  with  it,  w^hich  will  cojidiict.  or  very  little  reduced  lead. 
Reduced  lead,  especially  if  left  in  contact  with  acid,  is  very  apt  to  go 
up  into  sulphate  of  lead  and  give  off  hydrogen.  If  you  have  not  a 
very  strong  pressure  you  cannot  get  it  into  contact  with  your  support, 
and  cannot  reduce  it  again,  1  only  want  to  urge  that,  except  for  the 
small  phenomena  w^hich  are  generally  explained  hy  such  things  as  the 
difference  of  strength  of  acid  in  the  coating,  and  the  difference  of  con- 
ductivity due  to  the  insertion  of  sulphate  of  lead,  which  has  a  very  large 
bulk  in  comparison  with  what  it  is  formed  from,  I  think  these  things 
explain  most  of  the  phenomena.  I  would  also  urge  that  in  all  scientific 
inquiries,  when  you  have  a  very  simple  explanation  and  a  very  com- 
phcatcd  one,  there  are  a  large  number  of  minds  v^hich  habitually 
prefer  the  very  complicated  one.  I  must  say  1  am  one  of  those  who 
prefer  the  very  simple  explanation. 

ICommunkakd.J  Since  the  meeting  I  find  that  many  people 
cannot  understand  the  formation  of  sulphate  of  lead  on  the  peroxide 
plaie  on  discharge,  because  they  say  the  H^SO^  is  split  into  Hj  and  O* 
of  which  the  H/take^  one  O  of" the  FbO„  leaving  PbO.  The  PhO  may 
then  be  acted  upon  by  more  H^SO^,  making  PbSO^ ;  but  the  last  is  a 
secondary  reaction  which  has  nothing  to  do  with  the  electio-motive 
force  of  the  cell  There  is  no  reason  to  consider  this  a  secondary  re- 
action. In  dealing  w4th  electrolysis  We  must  take  care  to  avoid  con- 
fusing hypotheses,  made  for  the  purpose  of  explaining  phenomena  to 
students,  with  the  phenomena.  This  sphtting  up  of  the  change  q£ 
PbO^  into  PbSO^  in  two  steps  is  purely  academical ;  it  has  nothing  to  do 
with  facLs, 

The  question  as  to  whether  the  formation  ol  ^uVpWle  Va  \>fi'Kv^^ 
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or  stcondury  can  be  determined  by  the  reversibility  of  Ihe  cell.  If  the 
energy  of  H,SO,  +  PhO  =  PbSO,'+  H,0  \<.  waj^ted  as  locul  beat,  it  can 
only  appeiir  in  the  dcctro-moti%'f  force  of  charging  ;  n6l  of  discharge. 
The  question  of  the  allegud  extra  electro-motive  force  of  spung}'-  lead 
can  be  tested  by  reveriiibilityj  and  also  by  direct  compjirison.  In  direct 
eomparisoti  the  lead  must  be  clean,  and  the  surface  should  be  specially 
exposed  when  in  place.  The  least  trace  of  oxidation,  i.c,  sulphation, 
will  falsify  the  reding.  Araalgamatton  will  give  an  effective  clean 
surface. 

Mr.  D*  G*  FitzGerald  [comnninkiiied]  :  I  have  read  vi^ith  great 
interest  the  advance-proof  of  Mr.  Wade's  paper*  kindly  forwarded  to 
me.  Whether  or  not  it  may  have  any  iniluence  upon  the  nuinufacturt! 
or  working  of  accumulators  in  the  future,  it  is  certainly  a  \^al liable 
contribution  to  the  theory  upon  which  such  manufacture  :ind  working 
should  be  based ^  and  it  throws  light  upon  subjects  of  which  the  pre- 
sumed explanations  have  with  some  reason  been  regarded  as  incomplete, 
puxxling,  or  unsatisfactory,  when  not  absolutely  fallacious,  I  am  pleased 
to  find  that  I  am  in  funeral  agreement  with  Mr.  Wade  on  most  points 
— the  more  so  from  having  apprehended  that  the  contrary  might  be  the 
case. 

Thus,  in  regard  to  the  original  battery-equation  given  by  Me^isrs. 
Gladstone  and  Tribe^  and  embodying  the  "double  snlphation"  theory, 
I  am  quite  in  accord  with  Mr.  W^ade  as  to  its  substantial  accuracy  when 
taken  in  the  limited  sense  in  which  it  was  put  forward,  vi^.,  as  signifying 
that*  in  the  discharge  of  the  ceO,  sulphuric  acid  reacts  upon  lead  prot* 
oxide  at  both  electrodes,  producing  equivalents  of  lead  sulphate.  The 
equation  indicates  nothing  as  to  the  extent  to  which  the  reaction  may 
be  carried  ;  it  is  similarly  indefinile  as  to  the  form  or  condition  taken 
by  the  sulphate  in  either  electrode.  In  my  paper  *'  On  Reversible  Lead 
Batteries/'  read  before  the  precursor  of  this  Institution  on  May  lo,  iH$j, 
the  only  modification  t  could  lind  to  make  in  this  eqtuation  \v*as  one 
indicating  that  the  sulphate  of  lead  formed  in  the  peroxide  element  is 
not  necessarily  the  full  equivalent  of  that  formed  in  the  spongy* lead 
plate.  This  is  the  case  when  free  access  of  sulphuric  acid  to  the 
peroxide  does  not  obtain,  by  reason  of  the  insufftcicnt  strength  of  ^  the 
electrolyte,  or  in  consequence  of  the  25'52  c-  in,  of  hydrogeUi  jicr 
ampere-hour,  oxidised  into  water  at  the  peroxide  plate.  1  therefore 
preferred  lo  write  the  equation  as  follows  : — 

PbO,  +  2  H,SO,  +  Pb  =  PbO  +  H,SO,  +  PbSO*  -|-  H,0.* 

It  was  duly  admitted,  howrevcri  **  that  the  compounds  bracketed 
together  (when  in  intimate  contact)  react  upon  each  other ;  so  that 
the  0nal  result  may  be  expressed  by : — 

PbO,  +  2  H,SO,  -h  Pb  =  2  PbSCJ,  +  2  H.0  : " 
which  is  the  equation  of  GladsloiU3  and  Trtbe. 
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But  a  too  literal  reading  of  tlit^  equatioiii  from  the  point  of  view  of 
practice,  has  been  the  cause  of  much  of  the  misapprehension  and  con- 
fusion that  have  occitrrcd  in  relation  to  the  theoretical  explanations 
bcaritig  upon  the  lead  secondary  celL  It  has  been  so  crudely  hiterpreted 
that,  if  any  one  ventured  to  assert  that — in  the  absence  of  what  h  too 
well  known  as  Mi!pliaitUion  or  suiphation  in  the  worse  ^ignillcation  of 
the  terms — there  is  never  any  free,  normal  or  uncombined  sulphate  of 
lead  in  the  partly  discharged  peroxide  element,  he  was  referred  to  tlie 
above  equation  as  a  sufficient  refutation  of  the  hercsVp  If  he  pointed 
out  that  peroxide  of  lead*  when  reduced,  cither  by  heat,  or  by  hydrogen, 
alone  or  in  conjunction  with  an  acid,  always  tends  to  form  exothermic 
compounds  of  the  products  of  deoxidation  with  residual  peroxide,  the 
equation  w^as quoted  as  a  contradiction.  If  he  insisted  that  the  complete 
conversion  into  lead  sulphate  of  given  equivalents  of  spongy  lead  and 
peroxide  is  an  impossibility*  and  that  such  conversion  praotically  occurs 
only  to  the  extent  of  about  50  per  cent.,  he  was  toW  that  he  w^as denying 
data  put  forward  and  accepted  by  high  authority.  And  if  he  ventured 
to  alfirm  that  the  calorific  results  obtained  in  the  complete  con%^ersion 
into  lead  sulphate  of  ampere-hour  or  gramme  equivalents  of  spongy 
lead  and  lead  peroxide  are  wholly  insufficient  to  account  for  the 
production  of  an  E.M.F,  of  1  volts.,  corresponding  to  this  conversion  in 
the  same  manner  as  the  EAI.F.  of  a  Daniell  cell  corresponds  to  the  heat 
effect  of  the  reaction  between  /auc  and  sulphate  of  copper,  he  was  told 
that  the  caloritic  values  must  be  inaccurate  ;  for  there  was  the  equation, 
and  there  undoubtedly  wms  the  E.M.F.  of  2  volts. 

At  the  time  (1883)  when  Messrs,  Gladstone  and  Tribe  published  their 
excellent  Httle  monograph  on  *'  The  Chemistry  of  the  Secondary 
Batteries  of  Plante  and  Faure/'  what  may  be  termed  a  theoretical 
or  abstract  battery -equation  was  needed  and  was  duly  supplied.  Wh,at 
may  be  called  a  practical  or  concrete  equation  of  discharge,  approxi- 
matively  embodying  quant ilative  details,  was  scarcely  then  *j>ossibJe  ; 
for  this  a  more  extended  expericJice,  and  work  such  as  that  of  Professor 
Ayrton  and  his  assistants,  in  conjunction  with  Mr.  G.  H.  Robertson, 
were  needed.  In  the  second  part  of  his  paper  (p,  485),  Mr.  Wade  gives 
what  is  virtually  such  an  equation,  although  the  excess  of  sulphuric  acid 
needed  to  give  conductivity  to  the  electrolyte  towards  the  end  of  the 
elfectivc  discharge  is  not  therein  considered.  In  equation  form,  Mr. 
Watle's  values  are  as  follow  : — 

2  Fb  +  SO,  +  H;  +  2  PbO.  +  H*SO^ 
=  PbSO,  +  Pb  +  PbO^PbSO^  +  2  H,0. 


l*his  agrees  with  an  equation — in  w*hich  are  embodied  additional 
data  in  relation  to  the  electrolyte— which  will  he  found  in  my  little 
work  on  Lead  Accumulators*  now  stowly  making  its  way  through 
the  press.  In  this  equation  the  atomic  weights  represent  the  dyad 
gram  me- equivalents,  corresponding  to  53^6  ampere-hours ;  and  these 
weights  halrai  correspond  to  the  monad  gramme  miit  oi  tWcVtvcA 
Quaittity  (26'%j  ampere-lioiirsj.    It  h  as  foUo¥i^\"* 
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Mf.  2  Pb  +  4-25  H,,SO^  +  69-4  H,0  +  2  FbO, 

KiuGeraia. 

=  Pb  +  PbSO,  +  2-35  H.,SO,  +  71  -3  H,0  +  FbO.PbSO,  * 

m 

111  this  puticulnrcassc,  the  imtial  specific  gravity  of  the  electrolyte  wiU 
be  i"i82t  and  the  final  spccitic  gravity  i"io6. 

The  peroxide  of  lead  which  h  active*  and  which  abne  is  considered 
in  quantitarive  equal iojis,  docs  not  include  any  that  may  be  contained  in 
the  cunipot:nd  FbO.PbSO,  (in  which  PbSO,  replaces  Ihe  PbG  in  lead 
sesquioxide)  which  may  remain  unailected  by  the  process  of  charging. 
It  is  interesting  to  observe  that,  according  to  the  figures  given  by 
Mr.  Wade,  the  proportion  of  this  residual  compound  must  often  in 
practice  be  very  considerable.  The  same  may  be  the  case  with  Ihe 
residual  sulphate  remainin|^,  after  charging,  in  the  spongy-lead  element. 
The  complete  reduction  to  sulpliate  of  1  lb.  of  lead  peroxide*  if  it  could 
be  effected  electrically,  would  correspond  to  102*5  ampere-hours  (half 
of  which  quantity  would  be  debited  under  an  E.M.F.  falling  rapidly 
from  it*  to  less  tlian  i  volt,  and  more  slowly  to  zero).  But,  since  the 
almost  inert  compound  PbO.PhSO^  is  formed  when  half  the  peroxide  is 
reduced,  the  maximum  output  per  lb.  of  peroxide  will  be  just  half  the 
above  value,  vis:.,  Sris  ampere-hours.  But  if,  as  stated  ou  p.  469,  '*  in 
practice,  pasted  electrodes  hardly  ever  give  more  than  30  to  40  ampere* 
hours  per  pound  of  positive  or  negative  active  material  ;  while  about 
half  these  values  is  probably  a  more  usual  tigure" — and  this  statement 
I  fear,  cannot  be  contradicted  —  the  proportion  of  active  material 
actually  electrolysed  must  be  less  than  30  or  40  per  cent  of  the  wiiolc. 
The  practical  possibility  of  improvement  certainly  appears  to  be  here 
indicated. 

Many  other  points  of  interest  in  Mr-  Wade's  paper  might  be  referred 
to,  and  will  doubtless  receive  consideration  in  the  discussion. 
Mr.  Mr*  A.  E.  DU  Pasquier  li:ommuitkitUd]  :  Mr.  Wade's  excellent  paper 

liu Pasquiirr.  ^^,|jj^  j  ,^j^^  sure^  be  much  appreciated  by  alJ  the  members  of  the  Insti- 
tution. The  use  of  secondary  batteries  is  so  extended,  that  few  of  us 
have  not  at  some  time  or  other  had  to  do  with  them,  and  perhaps 
been  morally  responsible  for  their  well  doing.  Lead  entering  so  largely 
into  their  composition,  I  am  afraid  this  hai^  very  often  been  a  hea%'y 
burden  :  in  fact  I  have  met  many  engineers  who  regard  a  battery  as  an 
unavoidable  evil.  Nol^  I  think,  that  complaints  of  the  behaviour  of 
secondary  batteries  are  so  frequently  heard  nowadays,  but  because 
so  little  is  known  about  them,  and  that  little  is  so  nearly  confined  to 
those  interested  in  their  manufacture,  that  if  anything  goes  wrong 
with  a  cell  the  engineer  feels  that  lie  is  quite  helpless  to  assign  a 
cause  for  its  failure,  or  to  remedy  it  if  found  :  a  feeling  to  w^bich  no 
self*res  pec  ting  engineer  likes  to  confess.  After  reading  Mr.  Wade** 
jngenious  explanation  of  the  complicated  reactions  that  take  pLice  in 
the  charge  and  discharge  of  a  cell,  engineers  will  perlmps  regard 
Iheir  batteries  with  increased  interest.  I  had  long  thought  of  re- 
ciuestinff  to  be  allowed  to  read  a  paper  on  a  similar  subjects  hefons 
K  as  Mr,  Wade  has  so  admirably  forestalled  mc%  l" 
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am  glad  to  havi;  the  opportunity*  not  of  criticisuig  his  remarks,  but   ^f' 

of   throwing,  perhaps,  a  httle  more  light  on  some  of  the  points  he      "*  ***'  ^^' 

h^n  raided. 

Mr*  Wade,  early  in  his  paper,  speaks  of  the  undoubted  difference 
that  exists  between  the  finely  divided  lead  elect rolytically  prepared  on 
the  negative  plate  of  a  battery^  and  htieSy  divided  lead  mechanically 
prepared*  An  experinient  I  carried  out  some  eight  years  ago  bears 
upon  this  interesting  point,  A  mechanically  prepared  porous  lead 
plate  \\'j.s  heavily  sulpha  ted  by  being  made  the  anode  in  a  solution 
practically  consisting  of  a  mixture  in  certain  proportions  of  sulphuric 
acid  and  nitric  acid,  the  current  density  being  ktpt  very  low  to  prevent 
the  formation  of  any  peroxide.  It  was  then  placed  in  a  cell  containing 
a  zinc  plate  in  a  solution  of  common  salt,  and  left  on  short  circuit  for 
some  time  J  by  this  means  the  lend  sulphate  was  perfectly  reduced  to 
finely  divided  or  spong\'  lead,  and  the  plate  looked  to  all  intents  and 
purposes  a  fully  charged  negative.  It  was  then  mounted  against  freshly 
charged  peroxide  plate^  in  dilute  sulphuric  acid  of  the  usual  specific 
gravity,  but  no  discharge  could  be  obtained  .from  it ;  on  receiving  a 
charge  in  the  ordinary  way  it  gave  a  very  fair  capacity,  and  yet  one 
may  almost  call  the  action  in  both  cases  electrolytic — certainly  the 
hydrogen  liberated  is  in  an  equally  nascent  state.  If  this  sulphated 
plate  had  been  made  the  negative  in  a  sulphuric  acid  solution  directly 
the  sulphate  w*as  thoroughly  reduced,  it  would  have  given  its  full 
capacity.  And  so,  too,  with  the  peroxide  phite  ;  if  a  plate  is  pasted 
with  chemically  prepared  PbOj  no  capacity  can  he  obtained  from  it 
ujitil  it  has  received  a  charge ;  a  fact  which  bears  out  Mr.  Wade's 
belief  that  the  lead  peroxide  and  tlie  tinely  divided  lead  in  a  fully 
charged  cell  cannot  be  the  normal  PbO,^  and  Pb,  but  an  allotropic 
moditieation  thereof, 

Mr,  Wade,  in  speaking  of  the  increase  in  the  internal  resistance  of  a 
cell  on  discharge,  says  that  "it  is  most  rapid  when  the  molecules  of 
the  active  materials  have  attained  the  respective  proportional  composi- 
tions of  PhbOjSO^  and  PbgSO^J'  I'liis  point  will  probably  be  at 
about  J  S  volts,  or  when  the  cell  h:is  just  finished  its  useful  discharge, 
and  on  analysis,  he  goes  on  to  say,  ''there  will  be  found  about 
40  per  cent,  of  unaltered  peroxide  of  lead  on  the  positive,  and  uncom* 
bined  lead  on  the  negative. '  These  figures  of  Mr.  Wade's  are  probably 
based  upon  pasted  types  of  plates,  or  I,  without  knowing  it,  am  the 
fortunate  possessor  of  the  secret  for  obtaining  "  95  per  cent;  porosity 
peroxide."  The  following  figures,  rather  at  variance  with  those  given 
by  Mr*  Wade^  are  taken  from  an  experiment  of  mine  on  a  new  tvpe  of 
plate  with  a  very  extended  surface.  Two  of  these  small  platesjdentical 
in  every  way,  were  taken,  electrolytically  formed,  and  charged  up  fully; 
one  was  tlien  discharged  against  strong  negatives,  and  gave  a  capacity 
of  2S  ampere-hours  to  17  volts,  w*hich  is  the  capacity  w*e  invariably  get 
w^ith  this  type  of  plate,  so  treated. 

The  two  plates  were  then  broken  up  for  analysis,  and  such  is  their 
nature,  that  though  they  are  perfectly  homogeneous,  the  lead  forming 
the  active  surface  of  the  plate  can,  with  a  little  trouble,  be  detached 
(for  purposes  of  analysis)  from  the  lead  thai  forms  cs&<:iil\ai\\'5  VW  U'4.u\ia, 
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bud  cndoithr  nttner  more  ksid 
the  il^idiargcd  one^ 
T.    Dming  u-ith  the 


It  win  he  item  ckit  the 

aad  wuiiki  prolxiliijr  Ifeivc  ^Itea  a 
diicbarg^  frfale,  144  ^^trnme^  of  PbSO^  woidil  carres|iOiid  to  ahotU 
llj  graaMnes  ol  PhO«*  nuking^  toUJ  oi  t j^^  grmam&  of  PbO^  for  cUs- 
chair^  ptirpcoc^  of  mbtdi  abotit  &|  per  cent,  ms  alilised  instead  a(  the 
50  per  €emL  iiocptcd  fiv  Mr,  Wade.  Ailoptii^  If n  Wade's  figures  oi 
1033  aiti[)rr<^-l>otir%  per  potiod  of  PbO^  (=  "ia6  ampcre-tMMirs  per 
g^Mmac  of  PtiOa)  t»avcrt€d  into  sulplute,  817  per  cent,  Df  the 
tJieoretioltjr  po^ibk  capacity  for  the  135  5  gnunnies  of  PbO,  present* 
w^%  ohtatned.  This  !renr  favoarablc  result  is  ohtaini^  on  the  lioes 
Mr*  W;ide  %o  abJy  tndjcmte^  \i2. :  i^t^^A  vwry  esrtcodcd  sorfacc,  so 
armngeci  that  the  actd  has  free  passs^  right  through  the  pLUc,  and 
th;ilf  a^i  the  Lidd  in  the  pores  of  the  pUtc  weakens  on  discliarge*  there 
h  nolhiti^  tcj  prevent  it  rising  up*  by  simple  grai-iution  Ltfect,  to  the 
top  of  J  he  cell,  making  room  for  the  stronger  acid  in  the  body  of  the 
Cell  lo  take  iU  place ;  although  I  have  never  been  able  satislactonly  to 
prove  thi*i»  I  am  •satisfied  that  this  action  of  di  charge  actually  gives  rise 
to  current*  iu  tht  tlectrojyle  tending,  if  uninipedud,  to  keep  the  electro- 
lyte at  a  uniform  strength,  And  2nd — A  very  low  specihc  gravity 
peroxide  f  I  have  never  been  able  to  get  satisfactory  specitic  gravities  tor 
peroxide,  jvirtions  from  the  ^iine  sample  varying  between  5*25  aud  6*8), 
prol>4l^ly  about  45  per  cent,  porosity.  I  may  say  that,  at  present,  tliere 
are  nuxhauical  difficuhics  in  increasing  the  size  of  these  plates,  hut 
tlie*e  wc  hope  shortly  to  overcome.  iUthotigh  these  figures  show  tJiat 
Mr.  Wade  is*  incorrect  when  he  saii^  that  ^'a  cell  is  incapable  of  further 
dit»cbarge  wlierj  the  active  material  on  the  pbtes  has  the  coniposition 
i'b,l),SO,  and  Pb,SC),/'  I  agree-  with  him  very  largely  In  the  main,  and 
believe  iliiit  the  true  explanation  of  these  reactions  must  be  sought  on 
I  lie  lirji'^  he  uulicates. 

Retui  nirig  agani  to  the  aUotropic  differences  between  substances 
rqULseuted  by  the  formula  PbOa,  atjother  instance  occurs  to  me, 
win*  b  may  lie  ot  h  iter  est.  In  a  certain  formation  process  used  vt!ry 
hugely  by  me  al  t»ue  time,  the  process  was  divided  into  two  parts,  of 
bathn  j  ill  the  tir^t  bath  a  certain  rmmliet  of  ampere-hours  charge  per 
'itjUine  centimetre  of  jiurface  was  gi\^n,  at  the  end  of  which  the  positive 
pLiu  K — which  wert^  of  the  hcrring*hone  type— ^were  covered  with  a 
«l  t    lusirouN    very  thin  fdm,    or    skin^   of  what    i^-as 

'  Uiui  Uul  il^^%  uu^ui^ibtc  to  cstiinute  its  Uackitea^ 
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as  it  could  not  be  detached  from  the  plalc.  At  this  stage  the  plate  had  ^ 
no  appreciable  capacity.  The  platen  were  Iheit  put  into  an  ordinary 
dilute  sulphuric  ucid  bath  specific  gravity  I'lHo,  iind  on  clmrging 
a  marvellous  change  took  place;  this  film  or  skin  gradually  expanded 
until*  at  a  certain  sta^e,  the  grooves  between  the  ridges  or  teeth  of  the* 
plate  were  completely  blocked  vjp  with  a  very  crystalline,  Ught-coloured 
peroxide,  evidently  of  a  very  porous  nature,  but  perfectly  hard  and 
adherent,  the  plate  being  then  possessed  of  a  very  high  capacity ^ 
whereas  a  new  plate  given  a  short  charge  in  sulphuric,  and  receiving  a 
iiimilar  coating  of  FbO^  in  point  of  thickness,  might  be  charged  for 
ever  in  this  density  acid  without  expanding  or  its  capacity  much 
increasing. 

Parsing  on  to  what  Mr.  Wade  rightly  calls  the  most  interesting  of 
all  the  phenomena  observed  in  storage  cells,  vi/,-.  Reversal.  A  short 
time  ago  I  should  have  said  iiri hesitatingly  with  Mr.  Wade,  that  if  the 
positives  w^cre  the  weakc-r  element  in  a  cell,  its  E.M.F.  curve  w*aH  more 
sustained,  whereas  if  it  was  the  negative  that  were  weak  the  fall  off  was 
much  more  rapid  ;  hut  in  a  number  of  very  careful  experiments  carried 
out  lately  I  have  been  quite  unable  to  satisfy  myself  that  this,  is  so,  and 
am  strongly  of  the  opinion  that  it  depends  upon  the  differences  in  the 
capacities  of  the  two  plates  ;  if  either  plate  has  a  much  larger  capacity 
than  the  other  the  fall  off  is  more  rapid,  as  though,  to  give  a  rough 
illustration,  the  stronger  plate  upholds  tbe  weaker  till  its  last  gasp,  when 
it  suddenly  col  Lipases,  whereas  if  both  plates  have  approxhnalely  the 
same  capacity  the  K.M.F.  of  the  cell  will  tail  off  more  gradually. 
With  regard  to  the  possibility  of  reversal  actively  taking  place  before 
all  tile  PbO,  or  Fb  has  become  converted  into  FbSO^,  I  think  there  can 
be  no  doubt  that  this  is  not  only  possible,  but  that  it  is  what  actually 
happens.  If  a  cell  is  discharged  down  to  zero,  and  the  current  rate  is 
still  maintained  from  some  Ltxternal  source,  and  the  E.M.F.  of  the 
weaker  plate  (say  the  negative)  observed  bv  means  of  a  charged 
negative  proof  plate,  in  a  very  short  time  the  volts  will  rise  from  zero, 
or  almost  xero,  to  1*5  to  2  volts  i  and  [is^suming,  as  is  certainly  true  for 
pasted  plates,  that  not  more  than  60  per  cent,  has  been  converted  into 
PbSO^  in  discharge  down  to  the  zero  point,  the  ampere-hours  given  to 
the  plate  in  this  time  would  not  have  been  sufficient  to  convert  all  Ibe 
40  per  cent,  remainirjg  Pb  into  PbSO^,  but  the  higb  E.M.F.  observed 
is  proof  of  the  presence  of  l*bOa  notwithstanding.  If  in  any  cell  the 
tw^o  setsi  of  plate  happen  to  have  exactly  the  same  capacity,  the 
reversjil  takes  place  immediately  the  E.M.F.  falls  to  zero.  Perliaps  it  is 
as  w*ell  to  distinguish  between  the  real  zero,  kc.  the  point  at  which  the 
two  equal -capacity  plates  are  absolutely  exhausted,  and  there  no  longer 
exists  a  potential  difference  between  them,  and  the  apparent  xero^that 
is,  the  point  in  discharge  yxhcn  a  voltmeter  placed  across  the  bars  of 
the  cells  gives  no  deflection.  The  internal  resistance  of  a  cell  gives  rise 
to  a  counter  E.M.F,  reaching  at  this  extreme  end  of  discbarge  as  higb 
a  figure  as  0*45  of  a  volt,  so  that  the  apparent  xero  is  reached  when  the 
E3LF.  of  the  plates  have  fallen  to  045  volt ;  as  it  continues  to  fall 
below  thrs  pomt  so  the  difference  appears  as  a  reversed  E,M.F,  on  U\t. 
voltmeter,  till  when  the  real  zero  is  reached  it  has  ihu  value  dl  'aihQ^^X 


518  WADE;  STORAGE    BATTERY   PROBLEMS.    [March  aSnd. 

Mr,  — o'4S,     I  have  actually  been  ob^i;ning  the  volts  of  a  cell  on  a  polcnliCN 

DiiPiMliikr,  u^^tp,,  when  thi;*  lias  been  happening,  have  seen  the  volts  drop  to  icro, 
imd  Ihe  beam  from  the  galviinometer  ghdu  pa?»l  the  zero  quicker  Mid 
quicker  till  it  hm  gone  afif  tlie  scale  and  t!ie  leads  had  to  be  reversed  to 
foUow  it.  When  it  attains  the  value  of  about  — 0*45  volt  for  ordinary 
current  densities  there  is  a  slight  pause,  and  again  a  noticeable  pause 
at  about  t*5  volts,  after  which  it  climbs  stcadilj^  up  and  gives  lh«  usual 
E*M*F.  curve  oi  a  charging  cell 

It  is  very  jicldom  that  the  capacities  of  the  plates  arc  so  equai  ;  as  a 
rule  one  will  rcvursie  considerably  before  the  other  :  in  this  case, 
roughly  ?, peaking,  Jhe  time  elapsing  between,  when  the  zero  is  reachcdi 
ai»d  an  li,M»F.  of  more  than  one  volt  in  the  opposite  direction  is 
observed,  is  a  measure  of  the  capacity  of  the  stronger  plate. 

There  in  another  very  inter  editing  phenomenon  connecting  with  the 
reversal  of  nogativc  plates  of  the  Fhmte  type,  that  is  to  say  plates  of 
large  surface  and  thin  layers  of  active  material,  which  I  have  often 
observed,  and  that  is  that  at  the  point  of  complete  exhaustion  there  is 
a  violent  ebullition  of  gas,  collecting  in  large  bubbles  at  the  top  of  the 
plate.  This  gas  is  hydrogen  ;  it  does  not  seem  possible  to  account 
for  it  electroiytically,  and  perhaps  the  explanation  may  be  that  at  thjs 
stage  these  unstable  allotropic  tnodiiicalions  of  PbSO^  break  up  ^pon* 
taneously  into  the  real  and  more  stable  PbSOj  with  evolution  ol 
hydrogen*  I  have  never  observed  it  with  any  form  of  pasted  negative 
where  the  diffusion  is  imperfect, 
Mr,  Mr.  G,  H,  RoBEwrsoN  [aunmunkttUtf]  :  As  the  adjournment  of  the 

discussion  of  Mr.  Wade's  mo^t  interesting  And  suggestive  paper  has 
enabled  me  to  have  it  read  over  to  me,  t  now  gladly  avail  myself  of  the 
opportunity  aiTorded  me  by  ttic  courtesy  of  the  Council  to  make  a  few 
remarks  on  it,  and  the  more  especially  so  since  the  analyses  made  by  me 
Honie  years  ago  ha\  e  he  en  frequently  referred  to,  both  in  the  paper  and 
in  the  subsequent  discussion. 

Mr.  Wade  has  stated  brs  theory  of  the  chemical  action  occurring  in 
lead  batteries  clearly*  and  backed  it  up  with  w^el  I -reasoned  arguments, 
but  I  do  nut  think  that  my  analyses  and  report  lend  quite  as  much  sup- 
port to  his  theory  as  he  appears  to  think  that  they  do.  The  fact  is,  none 
ol  the  prodvicts  examined  by  me  could  be  in  any  sense  considexed 
homogeneous,  with  the  exception  of  the  positive  and  negative  plugs  at 
the  end  ot  charge*  At  all  other  times  the  positive  plugs  consisted  ot 
mixtures  of  more  or  less  unreduced  peroxide  of  lead,  lead  sulphate  and 
a  broiivn  material  varying  in  colour  from  a  dark  sepia  to  a  vcnr  light 
shade  of  the  stame  hue.  On  treating  this  brown  substance  with  acetate 
of  ammonium  in  the  cold,  no  evidence  could  be  found  that  it  consisted 
of  anything  except  the  sulphate  and  peroxide  of  lead,  and  therefore,  as 
described  in  my  reix^rt.  in  the  quantitative  analysis  I  only  determined 
the  percentage  of  peroxide  of  lead,  I  drew  attention  lo  the  I'uct  that  it 
was  found  that  there  were  always  unreduced  peroxide  grains  &cat: 
Ihrtiugh  Ihe  plug,  except  on  Ihe  surface  where  the  reduction  to  is^ul^ .... 
was  complete.  What  struck  us  most^  when  removing  the  plugs,  ^-^ 
th^i  Ihe  chemiail  action  slarted  at  their  edges,  and  then  cxtendtnl  acro?^ 
iheir  whole  surfaces  while  a\^  \NcwttTni.\:\w^  d'O^^tiwards  bctwct^ci  ih. 
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plugs  and  the  grid*  but  it  \ras  ouly  on  the  surface  layer  that  the  sulph-  to'^rta^j^ 
atioii  appeared  complete,  the  lower  and  inner  portions  of  the  plugs  being 
darker  iu  hue,  but  when  they  were  brokeu  up  it  was  evidcut  that  the 
chemical  action  did  not  take  place  uniformly  throughout  their  mass. 
The  lower  and  inner  portions  were  darker  than  the  upper  and  outer, 
whilL'  the  necks  of  the  plugs  even  at  the  end  of  discharge  showed  little 
or  no  visible  sign  of  the  formation  of  sulphate.  This  suggested  the  idea 
that  they  contributed  very  little  to  the  action  of  the  cell  beyond  serving 
a*;  conductors,  and  I  may  here  mentioti  that  many  months  afterwards 
Messrs.  Lamb  and  Smith  informed  me  that  the  cell  which  had  been 
used  for  the  experiments  was  working  very  satisfactorily,  and  apparently 
enjoying  good  health. 

It  appears  to  me  that  no  very  hard  and  f^ist  conclusions  can  be 
deduced  froni  these  analyses,  because  with  a  more  porous  active 
material  which  exposed  a  larger  surface  to  the  electcolyle.  I  fancy  that 
more  of  the  peroxide  would  come  into  action  before  the  layer  of 
sulphate  formed  on  its  surface  was  sufliciently  tluck  to  prevent  the 
penetration  of  the  electrolyte,  and  this  would  of  course  make  a  difference 
in  the  relative  proportions  of  peroxide  of  lead  and  lead  sulphate  found 
in  the  plate  at  the  end  of  discharge.  It  might  be  thought  that  the  colour 
of  the  product  formed  in  the  cell  would  afford  some  light  as  to  its 
coustitution,  but  this  is  not  the  case,  for  powders  practically  identical 
in  hue  with  those  obtained  by  grinding  up  the  plugs  wxtc  produced  by 
simple  mechanical  mixtures  of  pure  peroxide  and  sulphate  of  lead 
blentled  together  in  a  mortar^  and  it  does  not  appear  possible  that  any 
chemical  union  could  be  effected  in  this  process.  Just  as  w^e  find  that 
the  addition  of  a  little  sulphate  to  the  peroxide  alters  its  hue,  so  we  fitid 
that  a  paste  formed  from  this  mixture  has  a  lower  E.M*F.  than  that 
afforded  by  a  paste  of  the  pure  peroxide,  and,  as  is  well  known,  the 
latter  yields  a  louder  E.M,F,  than  the  electrolytic.  Mr.  Desmond 
FitzGtirald  demonstrated  this  fact  before  a  meeting  of  this  Institution 
many  years  ago,  and  1  also  have  repeated  the  experiment  with  pastes  of 
varying  composition,  but  I  could  not  fmd  that  the  lowering  of  the 
E,M.F.  followed  any  definite  law*  and  it  appeared  to  depend  ratlier  on 
the  effect  of  the  lead  strip  used  to  support  the  paste  than  on  the  pro- 
portion of  sulphate  in  the  paste.  In  the  case  of  electrolytic  peroxide 
the  oxide  is  practically  w*elded  into  the  lead  support,  but  in  the  case  of 
an  applied  pa-ste  there  is  no  such  perfect  union,  however  thoioughjy  it 
may  Ik*  rubbed  and  compressed  into  the  lead,  and  so  there  is  an  oppor- 
tunity for  the  formation  of  a  couple  iK^tween  the  peroxide  and  the 
supporting  lead  which  lowers  the  E.M.F.  due  to  the  action  of  the 
peroxide  paste  and  the  opposing  lead  plate, 

It  has  been  stated  that,  if  the  peroxide  is  thoroughly  screened  from 
the  action  of  the  support,  the  chemical  peroxide  will  give  the  same 
E,M.F,  as  is  yielded  by  a  cell  which  has  reached  its  steady  value. 
This  screening  may  be  effected  by  taking  a  long  glass  tube  curvL'd  at 
one  end,  hlling  it  with  peroxide,  and  arranging  it  so  that  the  cur\'ed 
portion  just  dip^  below*  the  level  of  the  acid,  so  that  there  is  a  good 
column  of  peroxide  between  the  lerminal  of  the  cell  and  the  level  o( 
the  acid  i  but  I  have  never  been  able  to  verify  this  slal^mctit  Iot  m^^W, 
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Mf-  as  1  was  compelltfd  to  aba^ndon  experimental  work  just  after  I  had  mMe 

Robertson.  L  f  u  *    u 

a  iiuiiiocr  of  such  tubes. 

Professor  Arnisirong  has  re  furred  to  the  stihjcct  of  I  lie  formation  of 
pcrsulphuric  ackl  and  its  function  in  the  cell  to  which  we  drew  atlention 
in  1891,  and  which  was  subsequent ly  noted  l>y  M.  Darrieus  about  a 
year  later.  It  therefore  only  remains  for  me  to  ^y  that  Mr.  Wade  (ms 
done  a  great  service  in  insisting  on  the  value  of  porosity  in  the  con- 
struction of  battery  plates,  ^nd  for  gi%nnj^  us  some  term  by  which  lo 
measure  it,  and  my  remarks  have  been  made  more  with  the  object  of 
showiiijf  how  Ultle  we  know  of  what  goes  on  in  the  cell  than  of 
disproving  the  very  symmetrical  theory  which  Mr*  Wade  has  pro- 
pounded :  and  I  hope  that  he  or  some  one  else  will  follow  up  the  theory 
of  molecular  compounds,  and  do  for  the  salts  of  lead  what  Perkins  Ijas 
done  for  the  hydrates  of  sulplmric  acid. 
Mr  Walker.  Mr.  S.  F.  Walkkh  [comnittnicakd] :  The  paper  h,  in  my  opinion,  one 
of  the  most  vaUiable  that  has  been  prese»ited  to  the  Institution  for  some 
time.  Notwnt!i standing  the  fact  that  a  great  deal  has  been  done  in  the 
matter  of  accumulators,  we  are  still  wanting  a  large  further  progress 
to  enable  us  to  deal  with  the  problems  that  are  waiting  for  us,  Jvoone 
seriously  doubts,  for  instance,  that  the  automobile  of  the  future  wnll  tw 
electrically  driven.  Yet  as  we  know,  the  way  is  barred,  and  other 
agents,  such  as  petroleum,  and  even  steam,  are  making  far  more  head* 
way,  because  of  the  m^certainty  of  the  accumulator. 

Fn  my  opinion,  Mr.  Wade  has  gone  pretty  well  to  the  root  of  the 
matter  in  the  remarks  which  he  makes  in  the  paper  about  the  porosity 
of  the  active  materials,  and  the  diffusion  of  the  ekctrol^^te  through  those 
materials.  One  point  he  appears  to  have  brought  out  very  clearly  t  that 
it  is  useless  to  hope  for  increased  storage  capacit>%  or  increased  life, 
from  an  increase  of  the  thickness  of  the  active  material.  Another  point 
that  appears  to  me  to  be  clearly  brought  out  in  the  paper  is,  that  the 
electrical  connection  betw^een  the  active  material  and  the  supporting 
plate  must  be  largely  by  means  of  the  electrolyte,  In  fact  it  would 
appear  that  the  supporting  piate  performs  the  same  office  that  the 
negative  (collecting)  plate  performs  in  the  primary  liatter>\  viz.,  it 
collects  the  current  from  the  active  material,  jttst  as  the  copper  or 
carbon  plate  does  from  the  electrolyte,  or  from  the  depolariser.  If 
this  is  so,  the  question  arises,  couid  not  some  other  metal  be  substituted* 
in  place  of  lead,  for  the  supporting  and  collecting  ptales.  1  am  aware, 
of  course,  that  by  introducing  another  metal  you  also  introcluoi; 
additional  galvanic  action  ;  but  is  the  case  so  formidable  as  it  w^ould 
seem  at  hrst  sight  ?  We  have  already  a  separate  galvanic  battery  at 
each  plate.  Would  the  loss  be  much  greater  (would  it  be  as  great  ^lifjn- 
stead  of  lead  collecting  plates,  with  the  inevitable  lead-kad'OXtde  couple, 
w^e  had  some  such  metal  as  aluminium,  some  metal  not  readily  att^icked 
by  sulphuric  acid.  If  tt  could  be  arranged  to  have  accumulators  con- 
sisting of  a  light  framework  of  such  a  metal  as  ahnninium,  or  platmtim. 
with  a  thin  layer  of  active  material  deposited  on  it,  by  electrolysis,  one 
of  tiie  difliculties  of  the  problem  of  portable  electric  accumulators  for 
a//  purpoJ^CSr— and  the  purposes  to  w^htch  such  an  accumulator  coidd 
b^|jar  are  very  numerov\s— wou\d\ia\e  d\'!^Y'^'£'Kttd. 
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Again,  I  am  aware  that  the  problem  involved  in  the  electro-deposition  ^^*  Walker. 
of  a  lead  salt,  upon  aluminium,  or  upon  platinum,  i^  a  very  difficult  onet 
hnt  it  appears  to  me  that  the  possible  gain  is  well  worth  the  trouble. 
There  is  also,  of  course,  the  question  of  expense.  If  aluminium  can  be 
used,  probabl^^  the  extra  cost  will  not  be  serious,  if  there  be  any  extra 
cost.  But  all  these  things  hehavCj  often,  so  differently  from  what  we 
expect,  no  matter  how  carefuUy  we  think  the  matter  out,  especially  with 
a  metal  such  as  aluminium,  whose  working  is  comparatively  unexplored, 
that  one  can  only  surest  lines  of  investigation,  I  wtll  only  say  in 
conclusion,  that  in  an  electro-chemical  investigation  which  1  conducted, 
a  short  time  since,  many  things  were  found  possible  that  experienced 
chemists  assured  me  were  quite  impossible,  and  that  some  results 
obtained  with  aluminium  were  somevvhat  startling,  from  their  point 
of  view, 

Mr,  V\'.  Boyd  [i:ommufiicittid]  :  May  not  the  gradual  drop  in  capacity  ^''  ^^ 
of  the  negative  plates  of  a  battery  be  caused  by  electrolytic  action  in  the 
cell  due  to  the  presence  of  acid  impurities  in  the  electrolyte  ?  Observa- 
tions I  have  made  seem  to  confirm  this.  I  think  the  action  taking  place 
is  ivs  follows  :-"Slight  traces  of  an  acid  forming  a  soluble  salt  of  lead 
being  present  in  the  electrolyte  first  of  all  attack  the  peroxide  plate  to 
form  that  salt.  This  Is  during  the  next  charge  electrolytically  deposited 
on  the  surface  and  in  the  pores  of  the  negative  plate,  liberating  the  acid, 
which  again  attacks  the  peroxide  and  dissolves  a  further  portion.  This 
action  lifter  a  time,  which  depends  on  the  amount  of  impunty  present, 
closes  up  the  pores  of  the  negative  plates,  thereby  decreasing  the  active 
surface  ;  the  peroxidising  of  the  plate  and  subsequent  reduction  restores 
the  capacity*  in  consequence  of  the  expansion  that  takes  place  during  the 
oxidising  and  the  contraction  during  the  reduction  making  the  plate 
once  more  porous.  In  some  bad  cases  that  I  have  seen,  the  electrolytic 
action  has  been  sufficiently  marked  to  produce  a  lead -tree  f  on  nation  on 
the  surface  of  plates*  The  impurities  present  in  the  electrol3rte  may  be 
derived  from  several  sources  ;  such  as  the  acid  which  is  used  for  filling 
cells  in  the  first  instance,  or  afterwards  for  making  up  evaporation,  not 
being  absolutely  pure,  or  because  some  acid  or  acid-forming  substance 
used  in  the  process  of  manufacture  has  not  been  removed  before  cells 
have  been  put  into  use* 

[Owing  to  the  lateness  of  the  hour  Mr.  Wade  was  asked  to  reply  to 
the  discussion  on  his  paper  at  the  meeting  on  April  5th,] 

The  Chairman  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  elected  i — 


Memhcn : 

Richard  Tetley  Glazebrook,  F.R.S. 
Professor  Henry  Stroud,  M A,^  D,Sc, 


( 
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Associate  Members : 


[March  SSnd, 


Alexander  xXdams. 
Harold  I^*slic  Dixon. 
George  Horlcy. 
William  Au>»iistus  Kemm. 
Sydney  Ocorgc  Leech. 
Charles  Lopdell. 


Cecil  Arthur  Xeton. 

Henry  Savage. 

John  Burrell  Talbot-Crosbie. 

Charles  Turnbull. 

FMward  WTiite. 

William  Scott  Till  Worthington. 


Associates : 


Edward  Russell  Clarke. 
George  Francis  Carter  Gordon. 
Francis  Moss  Moody. 
Charles  A.  Pulsford. 


Ernest  Smith  Awmack  Robson. 
Tyson  Sewell. 
Francis  Sydney  Shaw. 
Edwin  Charles  Smith. 


Students : 

Arthur  Francis  Turnour  Atchison,  j       Francis  Clifford  Higgs. 
George  William  Sclwyn  Driver.       |       Arthur  Horace  Jones. 
George  CJordon  Ede.  '       Alfred  Henry  King. 

Edmund  Rycroft  Verity. 


The  Three  Hundred  and  Forty-fifth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institution 
of  Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  evening,  April  5th,  1900 — Professor  Silvanus 
R  Thompson^  F.R.S,,  President^  in  the  Chair. 

The  minut&s  of  the  Ordinary  General  Meeting  heid  on 
March  22nd>  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the 
Hst  should  be  suspended, 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council  : — - 

From   the    class     of     Foreign     Members     to    that    of 
Members- 
Professor  E.  Mascart. 

F>om  the  class  of  Associate  Members  to  that  of 
Members — 

Ellis  Herbert  Crapper. 

FVom  the  class  of  Associates  to  thai  of  Members — 

Marcus  Stanley  Chambers. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 


David  Alexander. 

E.  j.  Brother^, 
\\\  G.  Clarke. 


J.  T.  Cornish. 
A.  J*  Hodgsoti. 
A.  B,  Randall. 


From  the  class  uf  Students  tu  thai  of  Associates — 

F.  R.  Bridgur. 
J.  P,  Troltnaii, 
P.  R.  Wray. 

Messrs.  C.  H.  Rosoman  and  R,  J*  j.  Swan  were  ap- 
pointed scrutineers  of  the  ballot  for  the  election  uf  i\£\v 
members. 
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Donation>  to  the  Library  were  announced  as  having 
been  received  >ince  the  last  meeting  from  Messrs.  Carre 
and  Naiid,  Senor  K.  A.  Echeverria,  and  the  Italian  Minister 
i>f  Posts  and  Telegraphs  ;  and  donations  to  the  Building 
Fund  were  announced  as  having  been  received  from  Mr. 
K.  W.  Clements,  Major  A.  M.  Stuart,  R.E.,  Mr.  H.  J.  Allen, 
Mr.  j.  C.  Smail,  Mr.  J.  F.  Lister.  Mr.  A.  P.  McDouall,  Mr. 
E.  Manville  ;  and  to  the  Benevolent  Fiiml,  from  Mr.  A.  H. 
King,  Mr.  C.  Turnbull,  and  Messrs.  E.  Green  &  Sons,  Limited, 
to  all  of  whom,  on  the  motion  of  the  President,  a  vote  of 
thanks  was  unanimously  accorded. 

The  President  :  I  have  to  announce  that  extra  meet- 
ings will  be  held  on  May  3rd  and  May  17th,  at  the  Institution 
of  Mechanical  Engineers,  by  the  kind  permission  of  the 
Council  of  that  body. 

1  now  call  upon  Mr.  Wade  to  reply  to  the  discussion  on 
his  paper  on  Battery  Storage  Problems. 

Mr.  K.  J.  Wadk  (/;/  reply) :  Before  replying  to  the  various  criti- 
cisms passed  on  my  paper,  I  must  thank  members  for  the  leniency 
with  which  they  have  received  some  of  my  views  even  when  not 
a^reein|4  with  them,  for  I  was  painfully  aware  that  in  advancing  new 
theories  not  supported  by  more  direct  experimental  eWdence  I  could 
not  have  complained  had  they  been  subjected  to  much  more  severe 
handling. 

Tlie  first  point  I  must  deal  with  is  the  doubt  expressed  by  Mr. 
Swinburne  and  Mr.  Cooper  as  to  the  need  for  further  attempts  to 
explain  what  went  on  in  lead  cells.  Has  not  the  matter  already  been 
sulistantially  Ihrashed  out  and  stated  in  its  simplest  terms,  and  am  I 
not  merely  setlinj^  up  imaginary  difliculties  in  order  to  knock  them 
down  with  in^^enious  and  complicated  arguments  ?  This  question  is 
niDst  vital  to  the  whole  scope  and  purpcxse  of  my  paper,  for  were  the 
answer  in  the  afiirmative  I  should  stand  convicted  of  having  most 
unnecessiirily  occupied  the  valuable  time  of  this  Institution. 

Mr.  Cooper  thought  that  if  secondary  cells  held  only  been  used  as 
primary  cells  there  would  not  have  been  all  this  bother  about  them. 
Possibly  not.  As  lon^  as  their  employment  in  the  engineering  and 
electrical  world  had  been  limited  to  that  of  primary  cells,  the  general 
statements  already  available  might  have  been  quite  sufficient  for  all 
practical  purpt>ses,  but  I  think  we  may  rather  reverse  Mr.  Cooper's 
dictum  and  say  that  if  primary  cells  had  been  born  secondary  cells 
many  of  the  accepted  explanations  regarding  them  would  long  ago 
■^  had  to  be  overhauled  and  far  more  explicitly  stated. 

'.  Swinburne  considers  that  the  dischar^^e  of  a  cell  can  be  ex- 
« far  as  the  electrodes  arc  couc^iTw^^,  \w  v<iTms  of  the  forma- 
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Hon  of  normal  lead  sulphate*  and  that  the  cdl's  behaviour  can  in  all  Mr.  wadc, 
respects  be  reconciled  with  this  assumption. 

Here  we  come  to  what  is  and  aUvaysi  hiis  been  the  crux  of  the  whule 
matter*  and  I  have  stated  in  my  paper  the  chief  and^  to  my  miud,  fatal 
objection  to  that  vie%v.     I  will  read  the  tew  lines  I  refer  to  : — 

'*  Normal  IciuJ  sulphale  is  probably  quite  irreducible  if  not  un- 
peroxidiHabli%  in  a  dilute  sulphuric  acid  electrolyte  gf  the  strength 
ordinarUy  used  in  storage  c^li^^  pfvvuiai  ali  the  nmkriiiiR  are  absolttteh 
pure,  for  the  smallest  traces  of  imp  unties  make  a  remarkable  difference 
in  this  respect  But  however  that  may  t>e,  there  is  no  dout>t  ii%  to  its 
being  acted  upon  with  extreme  slowness,  under  the  most  favourable 
conddions  in  admixture  with  other  materials  of  a  more  conductive 
nature,  and  then  only  with  an  excessive  outlay  of  energy  in  proportion 
to  the  result  obtained  :  wliereii.s  both  the  active  materials  can  be  brought 
biick  to  their  original  states  of  lead  and  lead  peroxide  with  great 
rapidity  and  the  expenditure  of  very  little  more  current  than  is  theoreti* 
cally  necessiiry.  This  discrepancy,  as  well  as  the  almost  complete 
masking  of  other  properties  of  the  normal  sulphate,  can  hardly  be 
explained  as  due  to  its  state  of  extreme  subdivision  and  intimate 
admixture  with  unaltered  active  material,  for  under  certain  well-known 
conditions  of  treatment  it  docs  appear  in  full  possession  of  its  distinctive 
colour  and  with  its  non-conductivity  and  irreducibility  aggressively  in 
evidence/' 

Before  wndng  that,  I  had  carefully  considered  all  the  experimental 
evidence  of  which  I  Iiave  any  knowledge  bearing  on  the  subiect,  and  I 
do  not  think  I  have  said  anything  that  cannot  be  justified.  The  most 
debatable  point  refers  to  the  reduction  of  norniid  lead  sulphate.  Both 
Lord  Kehin  and  Dr,  Lodge  were  unable  to  reduce  it  electrolytically. 
Then  ^f  essrs,  Gladj?tone  and  Tribe  obtained  its  reduction,  and  later  on 
Mr,  Swinburne  also  found  that  it  would  reduce.  But  meanwhile  Dr, 
Lodge » aware  of  the  results  oblaitied  by  Messrs.  Gladstone  and  Tribe, 
carefully  repeated  his  experiments,  and  still  he  could  not  reduce  the 
pure  sulphate.  !  have  myself  several  times  tried  to  reduce  it  electro^ 
IvticaUVi  without  success,  but^  as  just  mentioned,  I  have  found  this 
negative  result  may  be  very  easily  modified  by  the  presence  of  im- 
purities. I  will  reserve  further  remarks  on  this  point  for  my  com- 
municated reply,  for  I  do  not  think  that  the  clearest  proof  of  the  mere 
possibility  of  reducing  the  normal  sulphate  would  affect  the  main  issue. 
Even  f^ranting  that,  it  appears  to  me  that  all  the  evidence  is  against  the 
possibility  of  the  normal  sulphate  being  cither  reduced  or  peroxidised 
with  anything  approaching  the  rapidity  and  eflrciency  with  which  these 
operations  are  performed  every  time  a  celt  is  charged,  and  I  maintain 
that,  if  for  no  other  reason  ^  this  alone  would  render  it  necessary  some- 
what to  modify  or  to  supplement  the  usual  explanation. 

At  present  we  try  to  explain  the  reaction  of  lead  with  sulphuric  acid 
as  if  it  were  an  exactly  similai"  one  to  that  of  zinc  and  sulphuric  acid, 
whereas  there  is  an  essential  difference  between  them.  In  the  latter 
case  the  resultant  compound  is  a  soluble  one ;  the  molecules  of  zinc 
taking  part  in  the  reaction  pass  into  solution  and  their  relations  wvlK 
the  remainder  of  the  electrode  are  thereby  entirely  niplurcd,    ^\3A.  m 
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Mr.  Wade,  the  caM:  of  lead,  the  sulphate  bein^  in>oluble,  the  lead  molecules  do 
not  acquire  the  -ame  freedom  of  motion  and  are  unable  to  change  their 
po-ition.  Tlii*  bein^  *o,  it  ?>eem^  to  me  extremely  probable  that  besido 
reaction  with  the  -sulphion  ion*'  in  the  electrolyte,  they  also  still  remain 
in  feeble  and  un>table  combination  with  otiier  lead  molecules  in  the 
active  material,  and  this  i-i  what  the  view  I  have  ventured  to  put  before 
you  practically  amount^  to. 

I  need  hardly  remind  you  that  the  que>tion  to  be  decided  is  not 
which  i-  the  simplest  theory,  but  wh»ch  i>  the  true  one.  There  is  no 
n*e  in  «*tickinj^  to  a  simple  theory  on  account  of  its  simplicity  if  it  does 
not  really  explain  the  fact^.  At  the  same  time,  I  do  not  think  that  my 
account  of  the  cellS  reaction>.  if  properly  looked  at,  is  really  more 
complicaterl  than  the  one  /lienerally  accepted.  All  I  propose  is,  that  for 
any  ^^iven  out  put,  instead  of  siiying,  as  we  should  in  the  ca!>e  of  a  zinc 
electrofle.  tliat  so  many  molecules  have  been  fully  converted  into  normal 
sulphate,  we  should  say  that  the  whole  number  of  molecules  in  the 
electrolytic  circuit  iiave  passed  tlirou;^h  a  certain  degree  of  sulphation. 

I  think,  perhaps,  by  assuming  for  illustrative  purposes,  lead  molecules 
of  a  specified  constitution,  and  working  out  a  formidable  series  of  coni- 
pounrN  r>n  that  basis,  I  have  chosen  a  rather  clumsy  method  of  exprcsv 
ing  myself  and  have  ob>cured  my  real  moaning.  If  I  had  merely 
given  the  general  case  in  the  form  of  an  altjebraical  equation,  it  would 
probably  not  have  appeared  nearly  >o  complicated. 

Dr.  Armstrong  put  tlie  query  as  to  whether  my  sulphated  compounds 
really  helped  matters  much  because  they  had  to  be  assumed  of  such 
very  unst.ible  constitution.  Xo  doubt  in  some  ways  it  mubt  appear 
something  oi  a  quibble  to  attach  so  much  importance  to  the  difference 
between  an  extremely  intimate  mixture  and  an  extremely  feeble  com- 
pound, but  all  tile  siinie  the  two  phrases  serve  as  the  basis  for  two 
entirely  distinct  lines  of  reasoning ;  and  very  important  differences  of 
physical  structure  and  properties  do  sometimes  result  from  most  in- 
sij^ntlicant  alterations  of  chemical  equilibrium.  As  I  have  been  some- 
what reproached  with  introducing  unnecessary  complications  into  an 
extremely  simple  problem,  I  was  very  glad  to  hear  some  one  who  can 
speak  witii  so  much  authority  as  Dr.  Armstrong  calling  attention  to  the 
fact  that  tliere  are  otlier  complications  connected  with  the  formation  of 
lead  peroxide  and  the  changes  occurring  in  the  elecbolyte,  of  which  1 
have  hardly  taken  any  notice  at  all.  This  was  simply  due  to  my 
endeavour  to  leave  out  everything  that  did  not  directly  bear  on  tlie 
special  points  I  wished  to  bring  before  you,  but  it  is  as  well  we  should  be 
reminded  how  niucii  obscurity  still  attaches  to  what  is,  after  all,  the  funda- 
mental action  in  a  storage  cell — the  electrolysis  of  dilute  sulphuric  acid. 

Mr.  Mibbert  has  given  several  reasons  for  not  considering  the  active 
materials  to  be  in  an  allotropic  condition.  Of  course,  so  far  as  he  has 
obtained  resnlts  opposed  to  those  of  Darrieus.  lie  weakens  the  positive 
evidence  in  favour  of  allotropy.  and,  as  is  generally  the  case  in  all 
attempts  to  clear  up  these  matters,  we  are  left  in  the  puzzling  position 
of  having  to  decide  between  conflicting  data. 

I  do  not  think  his  other  two  reasons  apply  to  the  case.     I  certatnlr. 
MiJd  expect  spongy'  Ve;\A  pvccvvwAvid  ^^cww  ^^lv3LUon  by  xinc,  to  giw 
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the  same    E.M.F.  effects  '^s  ordinan^  negative  active  m^iterialp   for   I    Mr.  Wad«. 
bclievcj  lead  obtained  by  all  such  processes  to  be  in  an  allot ro pic  state, 
and  1  do  not  think  there  is  any  electrolytic  method,  such  as  the  one  in 
question  essentially  is,  by  which  lead  can  be  deposited  in  a  normal 
condition  corresponding,  for  instance,  with  ordinary  electrolytic  copper* 

As  regards  the  comparison  of  the  spec  die  resistances  of  electro- 
h  ticail^'  and  chemically  prepared  lead  peroxide,  I  doubt  the  possibility 
of  any  conclusioob  bearing  upon  the  question  of  allotropy  being  drawn 
from  Dr.  Shield  s  experiments  on  these  substances  in  ttie  form  of  com- 
pressed powders.  The  meas»jrements  were  only  incidental  to  an 
investigation  carried  out  with  quite  another  object,  and  I  should  say 
the  resuits  would  vary  with  every  difference  in  the  degree  of  pressure 
to  which  the  powders  were  subjected  and  the  size  of  the  particles  of 
which  they  were  composed  ;  and  also  the  precise  electrolytic  process 
hv  which  the  peroxide  was  procured.  As  it  was.  the  results  showed  a 
difference  in  resistance  of  over  15  per  cent.,  which  might  be  construed 
ijually  well  in  favour  of  allotropy  as  against  it ;  but  had  the  difference 
in:{^n  50  per  cent  or  nothing  at  all,  I  should,  under  the  circnnihtances, 
7,UI1  attach  no  value  to  it. 

I  regret  to  find  that  the  portion  of  my  paper  relating  to  the  necessity 
lor  increasing  the  porosity  of  the  active  materials  and  the  rate  of 
diffusion  into  them  had  been  somewhat  misunderstood.  After  giving 
^uniu  deJinite  hgures  to  show  how  defective  are  the  active  materials  of 
^.onimercial  celU  in  this  respect,  I  go  on  to  say  ;  "As  long  ago  as  i88g 
Messrs.  Duncan  and  Wicgand  called  attention  to  some  of  the  results 
that  must  ensue  if  proper  diffusion  were  not  provided  for  ;  and  Messrs. 
tiludstone  and  Hibbcrt,  in  their  communication  to  this  Institution  in 
iiH92t  also  indicated  some  of  the  effects  probably  due  to  this  cause, 
Iti  the  latter  instance,  however,  they  were  considering  the  matter 
ciiierty  in  its  relations  to  the  E.M.F.s  of  cells  imder  various  conditions  ; 
-ind  I  think  it  yet  remains  to  be  recognised  how  far-reaching  are  the 
^consequences  of  defective  diffusion,  and  how  many  of  the  faults  and 
shortcomings  of  the  cells  may  be  attributed  to  it." 

1  thought  that  made  my  position  in  the  matter  quite  clear,  and  I 
then  proceeded  to  work  out  the  whole  case  against  insufficient  porosit)% 
1ndic^lting  in  what  parts  of  the  active  materials  and  under  what  con- 
ditions the  different  effects  occur.  Mr.  Hibbert  was  quite  right  with 
regard  to  the  extract  he  read  at  the  last  meeting  from  Dr.  Gladstone 
and  his  own  paper  of  i8y2,  describing  the  effect  of  the  w*eak  acid  in 
the  pores  on  a  cell's  output  and  the  production  of  abnormal  com- 
pounds. Although  considerably  elaborated,  and  with  what  1  lielicve 
to  be  some  important  mod  iti  cations,  its  substance  does  appear  again  in 
my  paper^  and  it  is  essential  to  mj'  object  that  it  should  do  so,  for  1  am 
t  here  endeavouring  to  collect  the  previously  scattered  and  sometimes 
tudelinite  statements  and  embody  them  all  in  a  precise  and  detinite 
whole ;  but  1  do  not  think  there  is  anything  to  suggest  that  I  imagined 
I  was  the  first  person  to  study  porosity  and  diffusion.  As  a  matter  of 
fact»  the  paragraphs  quoted  by  Mr.  Hibbert  are  in  their  turn  covered 
by  a  still  more  general  statement  of  the  same  points  niade  b-^j  '^i. 
Swmburno  in  the  paper  be  read  before  this  InsUlution  \u  1%^. 
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Mr  w^ir.  There  is  a  second  point  in  my  paper  which  appears  tu  have  bccp 

slill  niort^  complclLiy  misapprehended,  and  that  is  where  I  refer  to  tht 
gradual  loss  of  capacity  ^  often  expcriencd  by  negative  electrodri, 
which  I  said  had  never  yet  been  siatisfactorily  explained.  Mr.  Hibhcrt 
pointed  out  that  this  was  due  to  the  discharge  or  sylphating  of  tf^^ 
spongy  lead  by  local  action  wjlh  the  electrolyte*  and  he  gave  quite  .1 
number  of  authorities  w^ho  had  previously  mentioned  the  fact,  I  supposi- 
I  ought  to  have  made  myself  clearer,  but  it  nev^er  occurred  to  tnc  that 
I  should  be  Ibought  at  this  late  period  to  be  slill  trying  to  explain  thai 
simple  and  we  11- under  stood  effect.  The  loss  of  capacity  I  referred  to 
was  one  spread  over  a  much  longer  period  and  nmch  more  permanent 
in  its  nature*  It  h  usually  supposed  that  negative  plates  will  outla>l 
two  or  more  sets  of  positives.  Where  the  conditions  of  working 
are  severe,  and  the  life  of  the  positives  for  this  or  other  reasons 
short,  such  is  generally  the  csise ;  but  if  tlie  battery  lias  been  well 
treated  and  the  positives  have  lasted  a  long  tniie,  it  does  not  usually 
follow. 

If  after  five  or  six  years  the  capacity  of  a  battery  has  fallen  very  tou 
and  while  the  negatives  are  to  all  appearances  in  as  good  coiidiliou  as 
when  first  put  in,  the  positives  have  shed  most  of  their  active  mater jal 
and  are  beginning  to  break  up,  it  seems  obvious  that  the  fault  must  lie 
with  the  positives  ;  but  when  these  have  been  replated,  the  capacity  i* 
often  found  lo  be  not  a  whit  improved,  and  finally  the  negatives  have 
to  be  renewed  also-  This  is  a  very  usual  occurrence,  and  illustrates 
the  phenomenon  I  was  really  alluding  to.  Without  any  loss  of  active 
material,  the  capacity  of  all  negatives  of  whatever  t>Tc  steadily  decrease* 
in  tlic  course  of  time.  In  some  cases  it  will  be  an  extremely  slow 
process  ;  in  other  cases,  perhaps  certain  types  or  even  only  certain 
batches  of  cells,  but  without  any  apparent  reason,  a  large  proportion 
of  their  capacity  will  be  gone  in  a  year  or  two,  and  when  a  manufacturer 
ha^  to  guarantee  a  battery  still  to  give  a  specified  output  at  the  end  of 
a  certain  time,  he  is  often  more  anxious  abont  the  negatives  and  the 
margin  of  capacity  they  should  or  do  possess  than  he  is  ahont  tht' 
positives. 

The  late  Mr,  Frank  King  was,  1  believe,  the  first  to  call  public 
attention  to  this  behaviour  of  negatives  in  the  course  of  the  discussion 
on  Professor  Ayr  ton's  paper  on ''The  Chemistry  of  Secondary  CeJLs" 
in  1892  ;  and  he  pointed  out  Uiat  it  was  accompanied  by  shrinkage  of 
the  active  material.  The  loss  of  capacity  may,  as  Mr.  King  seemed  in 
think,  be  chieHy  a  matter  of  loss  of  contact  between  the  active  material 
and  its  support ;  but  even  then  it  would  only  be  a  result  of  the  shrinkage 
and  not  its  cause.  The  effect  is  certainly  not  due  to  sulphation,  and 
J  am  inchued  to  ascribe  it  la  some  molecular  cliange  of  structure.  \n 
this  connection  it  is  ctirious  to  note  that  the  capacity  may  sometimes 
l>e  restored  by  reversal  if  the  electrodes  are  of  a  kind  that  satisfactorily 
admits  of  such  treatuient. 

i  was  relieved  to  find  thai  the  most  trenchatil  of  Frolcssor  Ayrton** 
criticisms  were  dnected  at  tlie  Electric  Cab  Company  and  nol  al 
mv>elf.  He  put,  however,  two  questions.  The  one  w»s  wby  ttie 
putcuihi  dj^^icucc  oi  a^  ceU  ro^e  ^'atux^  v\\^  ^t^\.  (tiw  tninutc*  ol  a 
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disi:h:irgc  fol lowing  upon  ;i  proloiigL^ci  ViiM  on  opert  circuit,  I  have  ^^^  WMe^ 
often  puz/Iccl  over  I  he  curves  allowing  this  effect^  but  h;ive  never  been 
able  to  hit  upou  an  explanation  which  waii  at  all  satisfactory >  for  two 
reasons  :  tii".stl)%  there  are  other  curves  in  the  scries  from  which  those 
in  question  are  taken  that  show  no  rise  of  potential  difference  on 
discharge  after  etiyally  prolonged  rest  ;  and  secondly,  it  takes  several 
discharges*  each  fothwing  dinrtly  on  (hi^  previoua  rhttrge^  to  wipe  out  the 
rise  and  restore  the  curve  to  its  normal  shape. 

The  other  question  was,  how  so  mucli  more  energy  could  be  put 
into  a  cell  by  charging  at  constant  potential  instead  of  at  cntistant 
current,  especially  having  regard  to  my  view  that  the  liigher  the 
charging  current,  I  he  greater  w^ould  be  the  liability  for  the  inner  layers 
not  to  receive  their  proper  ^liare.  The  two  certainly  do  not  at  tirst  sight 
appear  to  fit  well  together,  and  although  in  the  absence  of  fuller  data  as 
to  the  effects  of  extremely  high  charging  rates  it  is  impossible  to  do 
more  than  hazard  an  explanation,  I  think  it  may  probably  be  somewhat 
as  follows  :  I  have  assumed  in  my  paper  that  the  outer  surfaces  of  the 
active  materials  work,  under  all  conditions  of  charge  and  discharge,  in 
an  electrolyte  of  the  same,  or  almost  the  siime,  strength  as  that  contained 
in  the  main  body  of  the  cell,  I  think  this  must  hold  good  lor  all 
ordinary  charging  rates,  and  if  so,  an  unequal  distribution  of  the  current 
on  the  lines  I  have  indicated  necessarilv  results.  But  wMicn  such 
relatively  enormous  currents  are  used  as  flow  during  the  first  period 
of  a  charge  at  constant  potential,  I  he  acid  will  be  released  in  the  pores 
with  such  extreme  rapidity  that  the  t^tulk  of  the  electrolyte  with  so  to 
speak,  be  pushed  back  from  the  eleclrodes  and  tt-m'  partwn  of  the 
active  materials  will  be  surrounded  by  much  stronger  acid.  If  this 
happens,  although  the  whole  potential  difference  of  the  cell  rises 
rapidly,  the  dtslri button  of  the  current  will  be  much  more  uniform  ; 
and  by  the  time  the  current  has  dropped  to  what  would,  under  the 
usual  conditions^  be  considered  a  high  charging  rate,  the  recharge  of 
the  inner  layers  of  active  material  will  be  too  nearly  completed  for  the 
unequal  distribution  that  may  then  set  in  appreciably  to  affect  it. 

[Comnwnkateti.]  With  further  referejice  to  the  question  of  the 
electrolytic  reduction  of  lead  sulphate  in  sulphuric  acid,  I  am  inclined 
to  think  that  the  discrepancies  betw^een  the  results  previously  obtained 
niay  possibly  have  been  due  to  its  not  always  being  perfectly  pure.  The 
method  most  probably  adapted^  as  being  the  simplest  and  readiest,  to  , 

prepare  lead  sulphate  for  laboratory  tests  would  be  to  precipitate  a 
.solution  of  lead  nitrate  or  acetate  wath  sulphuric  acid  and  then  wash  it 
thoroughly.  Now  lead  sulphate  is  not  at  alJ  an  easy  substance  to  wash 
properly,  and  my  experience  has  been  that  after  the  washing  is  apparently 
quite  complete,  it  still  retains  perceptible  traces  of  nitrate  or  acetate  in 
combination  with  it :  and  it  is  just  such  small  quantities  of  impurity  Ihat 
I  hnd  make  all  the  difference  in  its  reduction.  Possibly  a  ver>^  prolonged 
washing  with  boiling  water  would  entirely  remove  them,  btit  unless 
MiJphatc  prepared  by  this  method  were  subjected  to  ignition  before  using  | 

it,  I  should  be  very  doubtful  as  to  its  purity  ;  and  errors  due  to  this  cause  | 

might  easily  creep  in  without  one  w^ere  specially  on  their  guard  AigatVcvsV 
thern. 
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What  appears  to  i:ic  to  he  the  real  factor  which  detcrniines  the 
rt^diiction  of  lead  sulphate  and  enables  \{>  f  luctrical  non-condiiciivity  to 
he  overcome,  is  not  its  degree  of  contact  with  the  electrode,  but  its  degree 
of  soiiability  in  the  electrolyte.  Ttiis  was  stibstaiitially  the  conclusion 
arrived'  at  by  Dr.  Lodge*  as  may  be  seen  by  reference  to  an  interesting 
letter  of  his  which  appeared  in  Nature  for  October  19th,  i^Sa.  The 
experiments  there  described  were  made  with  lead  sulphate  prepared 
from  the  carbonate,  so  that  in  this  instance  alt  chance  of  errors  duewto 
the  cause  just  suggested  would  be  eliminated* 

Lead  sulphate  can  certainty  be  peroxidised  even  where  it  cannot  be 
reduced,  but  then  the  conditions  existing  at  the  anode  and  cathode  arc 
not  the  same.  With  sulphuric  acid  solutions  of  almost  every  streng*hi 
some  smalt  quantity  of  persulphuric  acid  will  be  produced  at  the  surface 
of  the  anode,  and  this  probably  reacts  slowly  with  ttie  lead  sulphate, 
converting  it  into  persulphate,  which  then  immediately  passes  over  to 
peroxide. 

The  strength  of  the  electrolyte  used  is  therefore  a  very  important 
matter,  because  it  has  a  direct  relation  both  to  the  solubility  of  the 
sulphate  and  to  the  amount  of  persulphuric  acid  that  will  be  formed, 
hut  no  data  on  this  point  appear  to  be  given  in  any  of  the  published 
investigations* 

A  further  attempt  to  determine  the  conditions  under  which  lead 
sulphate  can  be  reduced  and  peroxidised  would  be  well  worth  making  i 
and  if  special  attention  were  given  to  the  purity  of  the  materials  and  the 
strength  of  the  electrolyte,  I  believe  there  would  not  be  much  difftcuUy 
in  definitely  ascertaining  them. 

The  PREstOEXT  :  I  have  to  ask  you  to  accord  a  hearty  vote  of  thanks 
to  Mr,  Wade  for  his  paper,  w*hich  is  one  of  the  most  important  papers 
on  the  subject  of  accumulators  that  has  been  brought  before  ibis 
Institution  or  any  other  scientific  body  for  some^-^ears. 

Carried  by  acclamation. 


^ 


THE     ELECTRICAL     EQUIPMENT    OF    SHIPS 
OF    WAR 

By  C  E.  Grove  J  Member. 

Introductory* 

This  subject,  already  a  great  one,  is  rapidly  growing,  and 
the  use  of  electricity  on  ships  of  wai^  is  yearly  being  extended 
in  all  the  navies  of  the  world.  While,  therefore,  the  bulk 
of  the  paper  records  what  has  already  been  accomplished, 
regard  has  been  paid  throughout  to  certain  imminent 
developments  which  in  many  departments  o'ershadow 
present-day  practice* 

TJie  methods  followed  \u  IW  '&n^\i3i\'^^N;^  Wve  \q^\ 
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large  an  extent  constituted  a  i^uicle  and  pattern  to  the  world, 
that  the  basis  of  the  present  paper  lies  naturally  in  British 
Admiralty  practice.  1ji  certain  navies,  however,  important 
departures  from  British  practice  now  exist,  and  tend  to 
become  more  marked  with  the  flux  of  time  ;  some  of  these 
are  referred  to  hereafter.  The  author's  intention  has  been 
entirely  to  avoid  administrative  and  tactical  questions,  and 
to  treat  the  subject  ssolely  from  the  point  of  view  of  an 
independent  electrical  engineer.  In  British  warships,  and 
in  ships  built  m  this  country  far  foreign  Governments,  the 
constructive  work  falls  into  three  main  divisions,  dealt  with 
respectively  by  the  "shipbuilders/'  the  ^*  engineers/'  and  the 
*'  ordnance  contractors  "  ;  and  part  of  the  electrical  work 
falls  into  each  division.  In  the  present  paper  this  distinction 
is  ignored  and  the  electrical  equipment  treated  as  a  unity* 

PART   I. 
GE^*ERAL  EQUIPMEXT, 

DVNAMOS. 

The  first  important  step  in  the  use  of  electricity  on  board 
ships  of  war  dates  from  the  introduction  of  the  dynamo. 
In  1876  a  Wilde  alternate-current  magneto  machine,  belt- 
driven,  was  installed  in  H.M.S,  ''Minotaur,*'  to  work  a  search- 
light projector.  This  machine  gave  place  to  the  continuous- 
current  Gramme  dynamo,  so  soon  as  the  latter  had  assumed 
practical  form  ;  and  this  again  was  superseded  in  due  course 
by  the  two*pole  drum-wound  direct-coupled  compound  steam 
dynamo  which  until  about  1895  was  standard  in  our  navy. 
The  size  of  unit  varies  in  our  navy  by  steps  of  100  amperes 
from  a  machine  giving  too  amperes  in  the  case  of  torpedo 
boat-destroyers,  small  gunboats,  and  the  like,  to  a  machine 
of  (x)o  amperes  as  now  used  in  all  modern  battleships  and 
large  cruisers.  The  standard  voltage  is  ^o  in  all  cases,  this 
having  been  settled  long  ago  as  a  convenient  compromise 
between  the  pressure  reqnired  for  \\*orking  searchlights  and 
that  givmg  the  best  efticiency  in  the  ordinary  electric-light 
circuits.  With  the  growing  demands  for  current,  this  low 
voltage  is  becoming  increasingly  inconvenient — a  matter 
-which  will  be  referred  to  again  further  on.    ¥o\  ^  *^v 
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lation,  mintmum  external  leakaj^je  and  accessibility  of  parts* 
Fig.  4  shows  a  recent  6oo-ampere  Admiralty  sct^  by  Messrs^* 
W.  H,  Allen,  Son  &  Co.  Most  modern  Admiralty  dynamos 
have  slotted  cores.  The  total  weight  of  such  a  set  is  about 
6i  tons,  of  which  the  armature  represents  about  i^  tons. 


Fkt.  5.— United  States  Navy  General nr,  50  k-w.  {General  Hlei:lnc  Co,, 
St'tienecladv). 


The  United  States  Navy  usually  employs  a  four-pole  niachiiie, 
their  largest  units  being  of  50  kilowatts  at  80  volts  at  400 
revolutions  per  minute.  The  temperature  limit  is,  however^ 
50  degrees  Fahn»  which  involves  a  heavier  dynamo  thatv 
the  British   for  the  same   output.     F\^.   5  s\\o\v**»  ^iU<:iVi  -^ 
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set  constructed  by  the  General  Electric  Company  of 
Schenectady. 

Byway  of  contrast  to  these  large  machines,  a  small  steam 
dynamo  (Fig.  6)  may  be  mentioned  which  was  recently 
designed  by  the  author  and  fitted  into  40-feet  and  56-feet 
steam  pinnaces  for  the  Russian  Government  for  working 
searchlights.  In  this  particular  case  the  required  output 
was  60  amperes  x  65  volts  at  500  revolutions  per  minute, 
though  the  set  has  a  maximum  output  of  6  units,  on  a  total 
weight  of  12  cvvt. 

Steam  engines  of  the  open  type  are  usually  employed  for 
dynamo  driving.  They  have  to  be  constructed  strongly 
enough  to  work  with  tlie  full  steam-pressure  from  Belleville 
boilers  (273  to  300  lbs.  per  square  inch),  though  with  cylinder 
areas  large  enough  to  furnish  their  nominal  full  output  at 
150  to  200  lbs.  pressure.  Among  the  essential  conditions 
for  successful  working  are  ample  bearing  surfaces,  w^th 
thorough  lubrication  to  ensure  cool  working  for  long 
periods,  and  ability  to  get  rid  of  large  volumes  of  water 
which  come  over  with  the  steam  when  auxiliaries  on  the 
same  range  of  steam-pipes  are  started. 

The  importance  of  preserving  the  dynamos  unharmed 
in  war  is  so  great  that  at  least  a  sufficient  number  of  sets 
to  supply  all  the  fighting  parts  of  the  ship  must  be  kept 
under  protection.  Unfortunately  this  generally  means 
placing  the  machines  in  a  warm,  ill-ventilated  space,  so  that 
their  durability  is  impaired.  Again,  if  all  the  dynamos  are 
together,  an  injury  to  the  compartment,  or  to  the  steam  and 
exhaust  pipes  serving  the  electric-light  engines  would  place 
the  whole  hon;  dc  cojnhnt,  and  put  the  ship  in  darkness. 
Our  Admiralty  practice  is  to  put  one  of  a  set  of  three  or 
four  dynamos  in  some  daylight  position  on  the  upper  or 
main  deck  to  supply  all  the  ordinary  lighting  current  in 
"  peace,"  and  to  place  the  dynamos  that  are  used  in  action 
below  the  water-line.  Nations  differ  as  to  the  advisability 
of  doing  this,  the  control  being  certainly  less  convenient 
when  the  machines  are  in  separate  places.  The  United 
States  Navy  place  all  the  dynamos  in  one  compartment. 
The  Japanese  divide  the  dynamos  between  the  fore  and  aft 
auxiliary  machineiT  rooms,  but  keep  them  all  under 
protection. 


T-HE  NCW  YORK 

PUBLIC  LIBRARY. 


L 


*STOft,  t€NOX  *#I0 


^<^sr  < 


M.     I 


.  a-fir- 


iirw 

*    «          :Jjk-^ja^^K 

1 

^tt:  iM^'^sr '!%" ^^KflflBB       ^^Hl 

fe«»«    qj 

^^SiiJl 

\             ^         ^                                                                -      - 

1!  ''rrrp 

a              1.  J.-     . — 

• 

-  — 

V----            i 

■         .                      — '                  11 

11I00.J 


SHIPS   OF  WAR. 


£B6 


Switchboards, 

This  standard  British  Admiralty  pattern  switchboard 
consists  of  a  slate  or  slates  carrying  horizontally  upon  them 
a   series   of   omnibus   bars,   connected   severally  with   the 


positive  and  negative  terminals  of  the  dynamos ;  and  bridge 
ing  over  these,  a  series  of  vertical  slotted  bars  leading  through 
fuses  to  the  circuits,  and  carrying  sliding  contact  plugs 
which  can  he  presiicd  down  so  as  to  make  contact  on  the 
top  and  sides  of  the  omnibus  bars,  beuig  locked  in  the  "on" 
position  by  a  spring  handle,  and  mainlamed  \\\  ^.W*  ^>^'' 
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position  by  the  action  of  an  i titer nul  spiral  springs  which 
also  gives  a  quick  break.  The  switchboard  haii  the  merit 
that  all  the  current-carrying  parts  are  on  its  face,  and  it  is 
fairly  compact ;  but  the  method  of  making  electrical  contact 
leaves  much  to  be  desired,  and  the  switch  parts  consist  of  a 
number  of  components  which  give  complexity  and  add  to 
the  cost  of  maintenance.  The  present  design  of  lioard  grew 
out  of  that  older  type  known  to  telegraph  engineers  as  the 
"  Umschalter/'in  which  contact  was  made  between  any  one 
of  a  series  of  vertical  bars  and  any  other  of  a  series  of 
horizontal  bars  by  screwed  or  coned  plugs  uniting  them  at 
their  intersection  ;  this  style  of  board  failed  in  service 
because  of  the  practice  of  making  and  breaking  circuit  on 
the  plugs,  which  led  to  their  speedy  destruction. 

In  the  EngMsh  Admiralty  board,  w^hile  any  circuit  or  any 
number  of  circuits  can  be  worked  from  one  dynamo,  it  is 
not  possible  to  work  two  or  more  dynamos  in  parallel  on  the 
same  circuit ;  and  in  transferring  a  circuit  of  lights  from  one 
machine  to  another,  it  is  necessary  to  extinguish  them  during 
the  process,  which  is  objectionable.  Time  was  when  the 
parallel  working  of  compound  wound  dynamos  was  attended 
with  difficulty  j  but  the  conditions  are  now  wellunderstood^ 
and  parallel  working  is,  in  fact»  in  successful  t:)peration  on 
many  ocean  liners  and  in  other  navies. 

These  switchboards  are  usually  made  up  to  standard 
drawings  and  arranged  for  three  dynamos  and  six  circuits* 
When,  as  is  commonly  the  case,  the  number  of  circuits 
exceeds  six,  one  or  more  additional  boards  are  fitted,  and 
their  dynamo  bars  coupled-  Fig.  7  gives  a  view  of  three 
such  boards  coupled  in  position  on  the  Japanese  battleship 
**  Shikishima,"  which  carries  three  6oO'ampere  dynamos  and 
18  circuits,  six  circuits  supplying  incandescent  lights,  foiir 
projectors,  and  the  remaining  eight,  motors. 

The  battleships  of  the  "  Formidable/'  "  Duncan,"  and 
more  recent  classes  and  the  cruisers  of  the  "  Drake  *'  class 
will  carry  four  600-ampere  dynamos,  usually  running  at  400 
revolutions  per  minute,  and  a  large  number  of  circuits,  some 
of  which  will  supply  current  to  powerful  motors.  The  design 
of  switchboard  described  above  appears  to  be  quite  unsuit- 
able for  such  installations. 

The  Car  dew  hot-wire  voltmeter  and  the  Siemens  torsion 
.spring  smnwter  are  the  mstrvvmenl^s  chiefly  to  be  found  on 


IIMJO.] 


SHIPS   OF   WArf 


5$7 


-LD LD U3 \rr 


5a»«  GKOV£  :  ELECTRICAL  EQUIPMEKT  OF       [Aiicil  Sth, 

H.M,  ships,  though  these  are  no  longer  standard^  having  been 
replaced  by  dial  instrument*^  of  the  well-known  E%-ershed 
pattern.  The  instruments  are  usually  placed  in  close 
proximity  to  the  dynamos,  and  not  upon  the  ^^-itchboard* 
Circuit  breakers  are  not  used  in  the  dynamo  circuits  of  our 
nav\^,  though  double-pole  fuses  are  now  generally  fitted  in  the 
machine  leads. 

The  U*S.  Navy  litandard  switchboard  is  planned  with  its 
dynamo  bars  vertical  and  circuit  connections  horizontal, 
and  is  designed^or  parallel  working*  Fig,  8  shows  the  main 
generator  bi:>ard  fitted  in  the  recent  battleships  *'  Kearsarge" 
and  "  Kentucky/*  which  each  carry  seven  50  k,w.  dynamos. 
Each  dynamo  bar  is  surmounted  by  its  ammeter  and  maju 
throw-over  switch.  A  panel  at  one  end  contains  the  instru- 
ments used  in  common  by  all  the  dynamos.  The  field  ter- 
minals  of  the  machines  are  brought  to  the  switchboard, 
where  they  may  be  connected  either  for  self  or  separate 
excitation.  Equaliser  switches  are  fitted  on  a  separate  panel 
in  another  part  of  the  rootn. 

From  the  main  board  feeders  are  run  to  three  three-wire 
maui  distributing  boards  (Fig.  9)  located  respectively  forward, 
aft,  and  amidships,  from  which  the  several  power,  search- 
light and  lighting  circuits  are  run.  Each  of  these  boards 
receives  from  the  main  generator  board  five  cables,  a  pair  of 
*'  outers  "  for  lighting,  a  similar  pair  for  power,  and  a  common 
neutral.  Four  sub-distribution  boards  (or  groups  of  motors 
are  supplied  from  the  main  distribution  boards. 

A  circuit  breaker  and  a  short-circuiting  switch  for  the 
series  winding  are  earned  by  each  generator  on  the  terminal 
board  from  which  its  main  cables  are  led  (Fig,  5). 

The  electrical  principles  involved  in  this  scheme  of  con- 
nections seem,  in  the  main,  right ;  hut  the  multiplication  of 
switchboards  is  a  bad  feature,  which  is  said  to  have  been 
necessitated  by  restrictions  of  space  in  tlie  ship. 

Electric  Lighting. 

The  first  mstalKition  of  elt^ctnc  tamps  on  a  warship  was 
put  in  H,M.S.  ''  Inflexible"  in  1881.  It  consisted  of  a  set 
of  arc-lamps  run  in  series  from  a  Brush  dynamo  with  glow- 
lamps  arranged  t8  in  series  oji  the  high-tension  mains, 
has   disap\>i:vuc<A.    ^\^dtl[v^  snav    vess< 
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usually  too  much  subdivided  and  have  too  little  headroom 
to  justify  the  use  of  arc-lampSp  although  these  are  again 
becoming  somewhat  common  on  merchant  vessels.  The 
parallel  glow-lamp  system  became  standard  practice  almost 
as  soon  as  it  was  introdiiced,  and  the  number  of  lamps 
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Fig*  io.— Schedule  of  EleLiric  Lighting*  H,M,S.  '*  Albion," 


employed  has  been  steadily  increasing.  Thus,  in  the  battle- 
ship '*  Colossus/'  fitted  in  1884,  350' lights  were  installed  ;  in 
the  **  Blenheim/'  tirst-class  cruiser  fitted  in  1890,  525  lights 
were  installed  ;  the  ''  Majestic"  class  of  battleships,  fitted  in 
1896,  airr>"  between  800  and  900  lamps  ;  the  **  Albion  "  and 
her  sister  battleships  of   the  **  Canopus "  class,  \\i^\  cq^sxw- 
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pitting,  carry  about  950;  the  "London"  and  "  Duncsin  " 
classes  of  battleships  now  building  will  carry  from  1,000  to 
1,050  Limps,  while  the  first-class  cruisers  of  the  **  Drake"* 
and  *'  Monmouth  "  classes  now  building  will  i^rry  approxi- 
mately 1,000, 

It  is  usual  to  arrange  the  electric  lamps  in  six  circuits, 
one  circuit  being  exclusively  devoted  to  engine  and  boiler 
rooms,  one  to  magazines,  one  to  the  central  citadel,  one  to 
the  crew  spaces  forward,  one  to  the  cabin  spaces  aft,  and  one 
to  tlie  stores  and  machinery  rooms  below  the  belt  deck.  It 
is  desirable  to  have  separate  circuits  for  those  portions  of  the 
ship  which  are  protected  by  armour,  rather  than  to  mix  up 
the  lighting  of  protected  and  unprotected  portions,  though 
this  is  by  no  means  generally  done,  A  schedule  showing 
the  arrangement  of  lampi>,  fittings,  and  circuits  on  H.M.S. 
"Albion"  is  given  in  Fig*  10.  In  the  U.S.  Navy  the  lamps 
are  arranged  on  two  main  circuits,  known  respectively  as 
the  *MiHttle"  circuit,  w^hich  includes  the  lighting  of  all  parts 
of  the  ship  occupied  in  action,  and  the  "lighting"  circuit, 
which  includes  those  parts  where  general  illumination  is 
required  for  ordinary  purposes.  F'eeders  running  from  the 
switchboards  connect  to  the  respective  circuit  net  works 
through  Junction  boxes.  At  ** general  quarters"  tf»e  ordinary 
lighlmg  circuits,  which  include  all  the  exposed  lights  on  the 
upper  decks,  are  disconnected  at  the  switchboards.  This 
arrangement  prevents  stray  light  shining  out-board* 

Lead-covered  cables  and  wires,  first  introduced  into  the 
Japanese  cruiser  **  Naniwa-Kan,"  l:)uilt  at  Elswick^  are  univer* 
sally  used  in  our  navy,  and  the  insulation  is  now  vulcanised 
india-rubber  in  all  cases.  For  single  lamps  a  pair  of  1/16 
wires  are  employed  ;  stranded  wires  which  group  the  sets  of 
lamps  through  fuse-boxes  up  to  the  circuits  are  universally 
composed  of  multiples  uf  single  20-wire,  the  standard  sizes 
being  7/20,  11/20,  15/20,  30/20,  60/20,  80/20,  and  150/20; 
while  for  dynamos  and  heavy  motor  circuits  350/20  and 
550/20  are  employed.  The  current  density  is  usually  a  little 
below  1,000  amperes  per  square  inch,  which  ensures  in  the 
lengths  dealt  w^ith  a  very  moderate  voltage  drop.  The 
present  mode  of  fixing  the  wires  and  cables  is  to  attach 
Imllens  of  teak  to  the  bulkheads  and  to  run  the  wires  side  by 
Hide  along  ihe  teak  under  brass  cleats  or  saddles.  Thus  all 
ih^^wirm  M^  visible.    According  to  Admiralty  speciEcati^ 
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sieel  battens  may  be  used  as  an  alternalive  to  te^ik,  but  they 
would  be  much  heavier,  and  the  author  is  not  aware  of  any 
ships  so  fitted.     The  introduction  of  these  teak  battens  into 
our  navy  took  place  but  a  few  years  ago,  and  the  step  appears 
to  have  been  quite  a  retrograde  one.     The  employ  me  tit  of 
wood  allows  of  fewer  holes  being  drilled  in  decks  and  bulk- 
tieads  than  would  be  otherwise  necessary,  but  the  aggregate 
cost  of  the  wiring  work  is  considerably  enhanced,  useless 
weight  is  worked   into   the   ship,  and   the  danger  of  fire 
increased.     The  Japanese  have  in  their  latest  battleships  had 
the  cables  and  wires  attached  directly  to  the  decks  and  bulk- 
lieads,  dispensing  with  backings,  except  where  necessary  for 
the  heaviest  runs  or  as  packing  to  carry  heavy  runs  of  the 
larger  cal:)les  over  obstructions  such  as  flanges  of   angle- 
bars,  rows  of  rivet-heads,  and  the  like.    This  makes  a  very 
substantial  and  satisfactory  job.     The  practice  in  the  U.S* 
Navy  very  much  resembles  land  practice.      Lead-covered 
wires  were  employed  at  one  time,  but  it  is  said  that  the 
quality  of  the  lead  and  of  the  insulation  was  such  as  to  give 
trouble,  and  to  cause  them  to  revert  to  the  old  system*     hi 
their  latest  ships  they  have  run  braided  wires  in  wood  mould- 
ings in  cabin  spaces,  and  in  iron-pipe  or  conduit  in  machinery 
spaces;  while  in  the  crew  spaces  and  in  some  of  the  fore  and 
aft  runs^  the  wires  are  supported  below  the  decks  on  porce- 
lain insulators,  and  protected  by  thin  iron  guard-plates  put 
over  them.     None  of  these  methods  appears  to  be  so  safe  or 
so  thorough  as  the  British  Admiralty  method  of  lead -covered 
cables  closely  packed  together,  and  visible  aud  accessible 
throughout  their  length, 

Watentighf  Work, 

VV'here  the  wires  go  through  watertight  bulkheads  or 
ckckSf  of  course  the  bulkheads  and  decks  must  he  made 
watertight  behind  them.  Until  recently,  the  method  of 
making  the  cables  watertight  at  the  decks  consisted  in  pro- 
viding a  length  of  iron  tube  lined  with  fibre,  with  a  stuffing 
box  and  gland  at  the  top  end,  by  means  of  which  an  india- 
rubber  packing  was  screwed  down  upon  the  cable;  and 
similar  glands  were  use<l  where  the  cables  passed  through 
hiilkheadi.      One   disadvantage    of    this   arrangement    w;  s 
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that  where  a  number  of  cables  and  wires  had  to  be  dealt 
with,  a  considerable  amount  of  space  was  taken  up  by 
these  pipes  in  order  to  provide  room  for  spanners  to  work 
in  tightening  up  the  nuts.  A  simple,  compact^  and  eflfectivc 
method  iy  as  follows  :  Two  pieces  of  wrought-iron  plate 
are  drilled  with  hoies  slightly  larger  than  the  si;£e  of  the 
cables  that  are  to  go  through  the  bulkhead  ;  similar  blocks 
of  india-rubber  about  half  an  inch  thick  have  holes  formed 
in  them  just  the  neat  size  of  the  cable  ;  the  bulkhead  b 
drilled  with  clearing  holes ;  a  slab  of  rubber  and  an  iron 
plate  are  placed  on  either  side  of  the  bulkhead,  the  cables 
are  drawn  through,  and  then  the  plates  screwed  up  lighL 
By  this  means  pressure  is  put  upon  the  rubber,  which  tends 
to  make  the  holes  through  which  the  cables  pass  smaller,  so 
that  the  cables  are  gripped,  and  the  holes  are  left  water- 
tight. This  arrangement  was  used  by  the  author  through- 
out the  Japanese  battleship  '*  Fuji "  both  for  decks  and 
bulkheads.  Fig.  ii  shows  a  grouping  of  cables  through 
such  glands  at  the  watertight  bulkhead  alongside  the 
entrance  of  an  ammunition  passage.  Many  ships  fitted  at 
Portsmouth  have  rubber  packed  plate  glands,  though  these 
are  fitted  only  on  one  side  of  the  bulkhead, 

A  new  arrangement  (Fig,  iia)  was  introduced  by  the 
British  Admualty  in  1898.  Brass  glands  of  tubular  form 
screwed  to  take  a  nut  at  one  end,  and  having  central  holes, 
previously  tinned,  about  one-eighth  inch  larger  in  diameter 
than  the  cable  intended  to  pass  through,  are  inserted  in  the 
bulkheads  and  made  watertight  on  the  iron  by  means  of  red 
lead*  The  lead-covered  cable  is  dravvji  through,  and  its  tape 
stripped  back  to  bare  the  lead  at  the  gland,  a  spUt  tinned  ferrule 
is  then  inserted  to  fill  the  clearance  space  around  the  cable, 
and  the  whole  is  then  sweated  up  solid  by  means  of  a  blow- 
pipe. This  is  a  rather  tedious  method  until  the  men  get 
accustomed  to  it,  and  there  is  some  danger  of  overheating 
the  insulation  imless  care  is  used ;  once  the  cables  are  tightly 
drawn  through  and  sweated  up,  they  have  a  neat  and  solid 
appearance,  but  they  cannot  be  drawn  back,  and  when 
repairs  become  necessary,  it  seems  likely  that  the  cables 
will  have  to  be  cut,  which  is  a  great  disadvantage. 
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Distribution  System. 

The  main  circuit  cables  from  the  switchboard  pass,  in 
the  case  of  the  heaviest  circuits,  through  *' jtinction  boxes/' 
into  which  they  spUt  usually  into  two  branches  protected 
by  fuses.  Each  of  these  branches  then  passes  through  a 
series  of  "section  boxes/'  which  are  circular  watertight 
boxes  containing  a  swntch  and  four  pairs  of  terminals  for 
the  attachment  of  fuses  and  the  branching  of  cables-  Each 
of  the  four  pairs  of  cables  running  from  a  section  box 
terminates  in  a  "distributing  box,"  which  is  a  similar  box 
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»  Fiii.  12.— Diagram  of  Admiralty  Distributing  Syi^tem^ 

to  the  section  box  and  contains  fuses  and  a  double-pole 
switch.  From  each  distributing  box  eight  pairs  of  wires 
are  taken,  each  pair  leading  direct  to  the  terminals  of  one 
lamp.  Fig.  ti  illustrates  the  arrangement.  As  explained  in 
the  next  section  (p.  544)*  no  lampholders,  properly  speak- 
ing, are  employed*  This  "distributing-box  system*'  was 
introduced  into  British  warships  about  1S93,  It  is  a  modifi- 
cation of  a  method  previously  dt*veloped  and  used  in  wiring 
hotels,  blocks  of  niansiuns,  and  such  like  places.  Its  advan- 
tages are  that  it  enables  the  electric-light  system  to  he 
entirelylaid  out  without  any  joints  or  branches  in  wnres, 
thus  dispensing  at  once  with  what  is  usually  an  important 
source  of  trouble.  In  the  event  of  any  part  of  the  system 
becoming  injured,  it  can  at  once  he  switched  off  at  the 
nearest  distributing  or  section  box,  and  the  working  of  the 
system  in  general  is  not  interfered  with.    The  s>fs\eim  laXVa^xs 
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J  ■:■.  I  '.  ..'I  -'.i'*  .1  iv}':«..il  AHmir.iIty  watertight  hlting, 
*•'•  '  iri:(  Ml'-  iii'Ui'*''!  ^r  Asrin;;;.  The  lead-covered  wires 
iM  Ml  I  '  i>  fhfo«if';li  ;iii  iii'li.i-nibher  wa-iher  pierced  with  two 
li'»i'  ,  'hi'h  tif .  livlitlv  into  tlic  neck  of  the  fitting,  thus 
'  '•'  Iri/|inj(  iiKii  till''  ;  Ifir  \r;if\  and  the  insulation  are  then 
lii|.(.'/l  \t.iiU,,tnf\  til'-  I >air  wires  Urd  through  holes  in  a  slate 
di  •  \liMh  I'lMM.  .1  si|i;iiatf)r  ;  nr)  lampholder,  properlv 
•  |M  .iliMji,  I .  II  t  i\,  liiil  llir  i-iuW  oi  the  wires  are  turned  back 
^Mlh  |tlii  I  ,  In  (mm  Ihwiks,  and  on  to  these  bottom  loop 
lim(»:,    h.iMii/;    hvr.lcd    spiral    platinum   loops,   are   hung. 

I  iiM|i  i.MM|i.  .Ill'  n.rd  liriMusr  ihcy  lust  stand  vibration  and 
iliiii  I,  ihii-  Im  iMin  III*'.  Hill  Ihis  nn'tliod  of  wiring  is  capable 
III  I  inr  liliiahli'  nnpinvrnicnl.  If  the  hooks  in  the  wires  are 
nnl  pioprilv  loiim  d  .iiul  an'  not  of  exactly  the  right  length, 
Ivhl  I  iinl.h  I  and  Npatkniji;  ii'^nlt  and  the  wires  are  burnt.  If 
h^^nl  A\\\  u  .r^on  \\u'  hooks  ^I'l  ni|urod  ov  broken  off,  little 
pinr^ioi  \Mu  ha\r  lo  \\    ^oldt'icd  on,  which  is  not  good. 

II  wonid  W  nuu  h  tnou  ^-.^t.^taotoi  \  it  the  wires  terminated 
in  i\\\\\  tOTit.wt  l^lo*  U>..  ,\\yA  \\w  i^:::n:i;.  wncii  complete  and 
|MiwuU^1  With  >p!'5Vi;  »o:^.;.u'.  ;>i;::*.|L;,t'v>,  were  then  inde- 
**WhttiMh     .xM.uhid      1.^    ;l*.v      "  S;.:k  >h'.::u, '    combixuitn>n 
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fittings,  carrying  electric  lamps  and  candles,  were  wired  in 
thijj  way  by  the  author  with  success,  the  removal  of  four 

fixing  screws  allowing  the  fitting  to  he  bodily  taken  away 
without  disturbing  the  main  wiring. 


Signal  Lights, 

Every  ship,  of  coursej  carries  the  ordinary  international 
navigation  lights,  port  side  red,  starboard  side  green,  and 
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mast-head  white,  which  must  be  alight  all  the  while  the 
vessel  is  under  way,  together  with  while  riding  lights,  which 
have  to  burn  when  the  ship  is  at  anchor.  In  British  ships^, 
so*called  "position  lanterns/'  two  in  number,  are  carded 
on  the  ensign  staff  when  at  anchor.  In  order  to  pro- 
vide against  failure  of  the  navigating  lights,  the  lanterns 
sometimes  contain  two  lamps  with  an  automatic  switch  for 
throwing  the  second  into  circuit  if  the  first  fails.  This  does 
not,  however,  make  a  good  arrangement,  because  both 
lamps  cannot  be  placed  in  the  locus  on  the  Fresnel  lens^ 
and  if  one  is  right  the  other  one  must  he  oui  o^  ^^.VCvo^rt, 
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Tell*tale  alarms  (of  which  there  are  se\*cral  kinds)  are  u^ed 
on  some  ships  to  give  warning  if  one  of  the  navigating 
lights  fails.  Fig.  14  shows  the  arrangement  de\ised  by  the 
author  for  the  ''Fuji ''  and  "Shikishima/'  An  electric  bell  is 
provided  with  a  relay  wound  to  one*tenth  of  an  ohm  and 
carrying  the  full  current  of  the  50  C.P,  lamp  employed*  say 
2 J  amperes*  This  relay  magnet  holds  a  spring  contact  out 
of  connection  with  the  hell  circuit  while  the  lamp  currenl 
is  on.  On  the  failure  of  the  lamp  currenl,  the  spring  con- 
tact completes  the  bell  circuit,  and  the  bell  rings  con- 
tinuously, A  duplex  swjtch  in  one  watertight  case  switches 
both  lamp  and  bell  circuit  on  together,  A  plug  connection 
is  attached  near  the  lamp  position,  so  that  the  lamp  can  be 
removed  without  disturbing  the  wiring.  The  bell  circuit 
can  be  tested  by  merely  switching  on  wuth  this  plug  con- 
nection out,  when,  of  course,  the  bell  will  ring  if  all  is  in 
order* 

The  Ardois  lantern  is  largely  used  abroad  for  speed 
signalling.  This  lantern,  shown  in  Fig,  15,  is  really  a  double 
lantern,  one  half  having  a  white  Fresnel  lens  and  the  other 
a  ruby  lens,  each  enclosing  a  50  C.P.  lamp.  As  used  by 
the  Japanese,  the  lantern  is  hung  over  a  sheave  from  the 
fore  starboard  yard-arm,  this  sheave  being  surmounted  by  a 
single  lantern  of  similar  design  showing  a  white  light. 
When  the  white  light  in  the  movable  lantern  is  shown  bum- 
ing  close  up  to  the  fixed  light  it  means  "  Full  speed  ahead/' 
while  the  red  light  in  this  position  indicates '^  Full  speed 
astern/'  If  the  w^hite  light  is  shown  half-w^y  between  yard- 
arm  and  rail  it  means  "  Half-speed  ahead/'  a  red  light  in 
the  same  position  indicating  *'  Half-speed  astern/'  When 
the  movable  light  is  shown  quite  low  down,  it  means  "  Slow 
speed  ahead,"  and  the  red  light  in  the  same  position  *'  Slow 
speed  asstern/'  The  white  lenses  are  slightly  obscured 
because  it  is  thus  more  easy  to  see  the  two  separate  lights 
when  close  together  than  if  clear  glasses  are  used.  Two 
white  lights  and  a  central  red  one,  in  lanterns  on  the  after- 
bridge  rail,  are  used  for  the  same  purpose,  and  screened  so 
that  the  light  shows  only  astern. 

.Among  minor  signals  may  be  mentioned  that  employed 
to  indicate  '*  Admiral  aboard."  On  British  ships,  three 
lamps  are  hung  respectweV^  •a.V  \V\^  ^ud^  ^v^"^  ^»yc\x^  ^i  ttve 
bridge  r:^il,  and  one  ltow\  V\ve  m\\\l^t^  Vqij  v  ^^  V^^^^ 
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vessels  three  lamps  are  hung  in  triangular  fashion  from  the 
after  military  top.  The  same  three  lanterns  hung  in  various 
positions  are  used  by  the  Japanese  for  other  signals* 

For  general  fleet  signal  ling,    flashing  lamps  carried  at 

e  truck  of  the  foremast  are  in  fairly  general  use.  They 
are  designed  so  that  any  communication  can  be  effected  by 
the   use   of    the   ordinary    Morse    code       In    one    design 

f  ma!it-head  lantern  due  to  Captain  Scott,  and  made 
by  Messrs,  Armstrongs,  the  lamps,  which  burn  conttnu- 
ouslvj    are    enclosed    in    a    lantern    surrounded    by    two 


Fiii.  J4*— Kavigiition  Lights  ALinn,  '*  Fuji  **  and  **  Shikishim*V*  , 


louvre  screens,  one  fixed  and  the  other  movable.  The 
movable  screen  is  attached  to  the  armature  of  an  electro- 
magnet, through  which  currents  are  sent  when  the  signalling 
key  is  depressed.  The  lantern  may  he  arranged  so  that 
openings  in  the  louvres  coincide  and  the  lights  are  visible 
when  everything  is  at  rest,  the  movement  of  the  screen 
cutting  off  the  light  and  thus  representing  the  interval 
between  the  signals,  or  vice  rers^.  A  moditication  of  the 
Scott  lantern  as  used  by  the  Japanese  is  shown  in  Fig,  i6. 
It  consists  essentially  of  two  lanterns,  one  above  the  other^ 
the  lower  one  being  enclosed  in  a  ruby  glass  set te.tv.  T\\^t^ 
Skte  independent  signalling  keys  tot  ttve  t^o  \^tv\jexTv%^  ^^ 
contacts  of  which  .ire  shunted  bva  condeuset  ?LaA  te^\^^2.^^^ 
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to  kill  the  sparking.     In  the  figure  the  screen  h  shown  to  aj 
larger  scale  fur  clearness. 

The   British   mast-head   lantern   is   of  different  design,^ 


lautMCA  rem 


Fig.  15.— Ardois  Latil^rn. 


the  lamp  current  itiself  being  interrupted  by  the  signalTtng 
key. 

The  United  States  Navvj  use^  iot  ?tee:V  ^x-^TOJim^  fourj 
Ardois  /anternb,  the  upper  \\^\i\  \n  e.\c\\  >D^vft%  t^^  -^^^  Sis^ 
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lower  white,  Tfiese  are  sospended  atjool  lo  or  12  ftet  mpatrt 
on  .1  cf  jacfcitifs  from   the  aficr-tca^.      A 

^pt>t  utl  -       ^  ch  is  used,  having  sets  of  coaiacts 

correspondtng  one  to  each  pomble  cotnbinatioffi  d  four 
lighKr  the  two  tighti*  in  one  bnleni  newr  beiiig  ti^ed 
together.  Each  combination  denotes  a  letter  of  the 
alphabet  or  a  figure.  By  movif^  the  switch-handle  about 
the  top  dial  of  the  switch  and  depressing  at  the  proper 
contactdy  words  are  spdt  oat. 


SEARCHLrGNTS. 

The  sMrchlighr  installatton  is  itstially  considered  one  of 
the  mo^t  important  sections  of  the  ship's  equipment,  and  use 
wa.^  found  for  s^rchlights  five  years  before  electricity  w'as 
ui*ed  for  the  general  illumination  of  ships.  The  first  pro- 
jector was  installed  in  1876 in  H.M.S.  "Minotaur."  It  had  a 
verticjil  lamp  burning  square  carbons,  a  parabolic  mirror, 
dioptric  and  diverging  lenses,  and  flashing  screen.  The 
Inmp  wiis  hand-fed  and  took  alternating  ctirrents.  In  1878 
the  SicmfMiH  holophote  projector  with  automatic  lamp  was 
tried  nn  H.M.S.  "Triumph  "  ;  and  many  other  forms  of  pro- 
jectcirs  and  lamps  were  experimented  with  between  that 
rlate  and  18H1,  when  the  "Inflexible"  was  fitted  with  a  Mangin 
projector,  having  a  Mangin  mirror  instead  of  dioptric  len*^, 
and  an  inclined  hand-feed  lamp,  current  being  furnished  by 
a  Gramme  dynamo »  The  Mangin  mirror  is  ground  to 
Hphericai  surfaceSp  the  front  and  back  having  diflFerent 
radii  of  cnrvatnrt*.  The  parallelism  of  the  beam  is  due 
to  refraction  through  the  thick  glass  between  the  front 
surface  and  the  silver  surface  of  the  back.  This  remained 
standsti  d  in  our  navy  until  about  1893,  when  it  gave  place 
ill  the  Parsons  mirror,  which  is  a  thin  parabolic  mirror  of 
lugti  Ljuality*  The  Mangin  system  is,  however,  in  use  by 
most  (ortMgn  n;ivies.  The  inclined  h;iiid-feed  lamp  is  still 
the  standard  of  the  British  Navy  ;  the  carbons  are  tilted 
about  10^  from  the  vertical,  and  the  light  falling  upon  the 
mirror  ha^  its  maxivnuni  intensity  at  or  near  the  centre  of  the 
iiurrur.  On  the  Continent  and  in  the  United  States  auto- 
watic  horizontal  carbon  lamps  ate  coming  into  favour.  The 
vrattr  of  the  positive  caribou  \s,  ol  covwst^A^i^^^t^  V3f^3«T^x^% 
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intensity  of  the  light  at  the  outer  edges  of  the  cylindrical 
beam.  The  British  War  Office  has  also  adopted  the  hori- 
zontal carbon  lamp  for  its  standard  projectors.  The  ascend- 
ing current  of  air  is  apt  to  displace  the  arc,  which  is  specially 
inconvenient  with  horizontal  carbon  lamps.  To  get  over 
this  difficulty,  the  Schuckert  projector,  Fig.  17,  which  is  the 
standard  in  the  Austrian  Navy,  is  fitted  with  a  soft  iron  ring 
surrounding  the  carbon.  This  ring  becoming  magnetised 
when  the  current  flows  produces  a  magnetic  field  along  its 
axis  in  which  the  carbon  lies,  and  so  keeps  the  arc  in  the 
proper  position. 

It  is  now  becoming  common  practice  by  foreign  nations 
to  operate  searchlights  from  a  distance.  An  observing  officer 
can  see  the  object  illuminated  very  much  better  if  he  occu- 
pies some  different  position  from  that  of  the  searchlight,  so 
that  he  does  not  have  to  look  along  the  beam.  But  as  he 
must  have  a  means  of  directing  the  light,  it  is  becoming 
common  to  provide  projectors  with  electric  motors,  one  to 
train  and  one  to  elevate  the  projector  barrel,  including  lamp 
and  mirror,  and  also  to  tit  projectors  with  automatic  lamps. 
This  operation  is  specially  advantageous  as  regards  pro- 
jectors fitted  at  the  tops  of  the  military  masts  w^hich  can  be 
conveniently  operated  from  the  bridges.  Fig.  18  shows  a 
Siemens  electrically  controlled  projector  of  this  kind.  It  is 
worked  by  a  combination  switch  consisting  of  two  motor 
starting  switches  mounted  at  right  angles  to  one  another 
and  worked  by  a  single  handle.  The  operation  of  directing 
the  searchlight  is  done  by  moving  the  switch-handle  pre- 
cisely as  if  one  had  hold  of  the  back  of  the  projector  itself. 
The  projector  is  instantly  stopped  upon  a  giyen  object  by 
bringing  the  handle  to  the  "off"  position,  which  short- 
circuits  the  motors. 

As  fitted  on  the  bridges  of  ships,  projectors  have  two 
positions,  a  working  position  right  out,  and  a  stowing  posi- 
tion in  board.  At  the  stowing  position  they  are  secured  by 
chains  and  turn-buckles  to  anchor-plates  in  the  deck ;  in  the 
working  position  they  are  secured  by  a  small  eccentric 
motion,  worked  by  a  hand-lever,  which  lifts  the  projector 
base  slightly  from  its  trolley  wheels  and  jambs  it  on  to  the 
underside  of  a  flange  lu  lV\c  yaA  ov\  \\\\\v:V\  iKe  projector  . 
runs. 

Searchlights  ure  used  a  vi^ood  dviA\  uo\n  \w  \c.\A^j,-e^\s\asv^ 
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signalling,  and  very  great  distances  indeed  have  been  covered. 
The  common  way  is  to  make  use  of  a  round  disc  suspended 
on  a  spindle  running  through  the  projector  barrel  between 
the  lamp  and  the  mirror,  and  vibrating  this  disc  by  means 
of  a  small  lever  handle  on  the  spindle.  The  arrangement  i** 
seen  in  Fig,  18.  In  some  recent  foreign  projectors  a  flashing 
screen,  resembling  somewhat  a  Venetian  blind  with  the 
laths  vertical,  has  been  fitted  in  front  of  the  front  glass ;  tlie 
laths  arc  linked  together,  and  their  movement  from  the 
position  in  which  the  full  light  is  shown  to  that  in  which  all 
the  light  is  cut  off,  is  controlled  by  a  small  lever-handle 
mounted  at  the  side. 


Voice-Pipe  and  Bell  Communication, 

The  problem  of  maintaining  communicatiun  between 
the  sieveral  compartments,  cabins,  and  nulitary  positions  in 
a  warship  is  not  less  important  than  the  problem  of  main- 
taining general  illumination,  but  it  is  far  less  successfully 
solved.  As  regards  tlie  communications  between  officers  in 
their  cabins  and  their  subordinates  and  sentries^  a  simple 
system  of  bell  signals  with  annunciators  nr  *'  shutters"  is  all 
that  is  required  ;  but  communicatit»ns  between  the  navi- 
gating officers  on  the  bridge  and  the  engine  rooms,  and 
between  combatant  officers  in  the  conning  tuwer  and  the 
gun  and  torpedo  stations,  for  example,  iniiy  often  be  of  a 
much  more  complex  and  special  character  than  can  be 
easily  given  by  a  simple  code  of  bell  signals.  Beyond  a 
certain  point,  means  xti  verba!  or  telegraphic  communica- 
tion becomes  necessary^  Such  communications  in  our  navy 
are  effected  by  speaking  through  copper  voice-pipes  of 
2-inch  diameter,  iitted  with  whistles  ur  electric  bells,  pushes, 
and  shutterSp  the  latter  serving  merely  to  direct  attention  to 
the  voice-pipe*  These  electric-bell  communications  are 
very  extensive  in  a  modern  ship,  the  number  of  points  from 
which  verbal  messages  can  be  sent  or  received  being  about 
100  in  the  battleships  of  our  **  Majestic"  classand  about  140 
in  the  '*  Canopus  "  class.  A  greater  elaboration,  however,  than 
m  any  other  ships  afloat  was  affected  in  the  Japanese  battle- 
ships **  Fuji  "  ajid  '*  YasJiima,"  which  were  et\uv^^ei  ^x*^  '^^ 
many  as  256  tlectrically  connected  spc;vkvu^\^oTO\s/\u  tiA&v- 
iioa  104^  vabin  bell-puHb  painU.  
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The  connections  between  stations  are  effected  by  four-core 
cable,  the  conductors  being  1/16,  separately  insulated  with 
rubber,  and  covered  with  different  coloured  cotton  coverings 
to  facilitate  making  and  tracing  connections.  The  electrical 
connections  of  a  pair  of  instruments  are  given  in  Fig.  19, 
When,  as  is  usual,  several  pipes  and  instruments  occur  at  the 
same  station,  all  the  branching  and  jointing  is  done  in  terminal 
boxes.    One  bell  is  usually  fitted  common  to  the  group,  and 


Kic.  iSj. — Siemens  Automatic  Projector. 


one  six-cell  battery  supplies  several  groups,  the  connec- 
tions being  made  through  suitable  battery  terminal  boxes. 
The  whole  system  is  watertight,  and  no  jointing  of  wires  is 
done  outside  boxes. 

The  problem  of  communication  is,  however,  not  solved 

by  the  present  arrangements,  the  difficulty  being  that  when 

the  electric  bells  have  done  their  duty,  and  the  officers  who 

wish  to  communicate  are  at  U\e  o\^v^osite  ends  of  the  voice- 

tuhe,  there  is  often  so  iwweVv  ^>v\.v\v\\<io\\s  \\o\s^  ^^-^  \i  is 

impossible  for  them  to  heav  ou^i  auoVYv^v.    \\\\7i&\^^\\>x5!v»ii 
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in  recent  years  carefully  to  insulate  the  tubes  from  the  main 
structure  of  the  ship,  so  Unit  they  shall  not  pick  up  sounds 
by  conduction,  and  the  device  has  been  employed  of  leading 
the  speaking-tubes  to  about  six  exchange  stations  where 
messages  artf  received  and  transmitted,  so  that  the  length  of 
tube  spoken  through  between  point  and  point  is  reduced 
to  the  smallest  limits.  The  transmission  of  messages  at 
exchange  stations,  however,  introduces  delay  and  sometimes 
error. 


Telephones, 

The  failure  of  voice-tubes  has  given    telephones  their 
opportunity,  the  speaking    qualities    of    the    latter    being 
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FnL  19.— Vrtice-pipe  liell  Instrumenls,  diai^rnin  of  connedions. 

practically  independent  of  distance.  Among  the  earliest  to 
use  telephones  on  warships  were  Russia  and  America.  One 
of  the  best  forms  of  naval  telephone,  and  one  that  is  now 
being  largely  used^  not  merely  by  the  British,  hut  by  many 
other  navies,  is  Alfred  Graham's,  It  is  a  loud-speaking 
instrumentp  the  transmitter  taking  the  current  of  four  or  six 
large  agglomerate  Leclanch*!'  cells,  and  operating  without  an 
induction  coiL  The  transmitter  is  of  granular  type,  enclosed 
in  a  watertight  case*  It  is  turned  half-round  every  time  the 
telephone  is  used  by  the  switch  which  puts  the  line  connec- 
tions from  ** ringing"  to  "speaking*"  In  spite  of  the  large 
power  employed  there  is  no  hissing.  The  receiver  is  con* 
tained  in  the  same  case.  A  considerable  number  of  British 
battleships  and  cruisers  are  fitted  with  voice-tubes  and  bells 
between  the  port-engine  room  and  the  hrid^t^  'iwA  cCiwnvsx^ 
XawerSf  and  with  f/iese  telephones  between  \\\e  ^Vax\io^^t^ 
eagine-room  and  the    bridges    and    conmn^   lo\xet*^,  ^Jrv^ 
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intention  apparently  being  to  gain  extensive  experience  of 
the  relative  efficiency  of  voice-tubes  and  telephones  under 
identical  conditions.  Telephone  connections  in  a  typical 
case  are  shown  in  Fig.  20.  The  most  advanced  instance  of 
naval  telephones  yet  fitted  is  to  be  found  in  H.M.  new  yacht 
"  Victoria  and  Albert/'  which  has  a  large  telephone  installa- 


AFTER  BRIDGE  - 


-  FORWARD  BRIDGE  ~ 


^iisJ 


Kir..  20.— Graham's  Loud- S peak in/^*  Telephone,  connections. 


tion.    Trials  are  also  being  made  of  the  applicability  of  these 
telephones  to  communications  between  casements. 

It  would  appear,  however,  that  during  actual  warfare, 
amid  the  noise  and  rattle  of  quick-firing  guns,  any  instru- 
ment that  depends  upon  the  transmission  of  the   human 
voice  must  fail.    It  is  repotted  IWV  \v\  \\\^  \v\VW^  ol  Santiago 
^"le  Americans  found  t\\e\T  Ve\(i\A\ov\^^  >as»0i^'«5..  \:rc\«sk^ 
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large  number  of  men  are  to  be  told  off  as  messengers  to 
carry  orders,  what  seems  to  be  wanted  is  a  system  of  printing 
telegraphs,  the  instrument:^  being  of  a  not  too  sensitive 
character,  so  that  they  couid  ^vork  without  giving  false 
signals  due  to  vibration  and  shocks  the  general  design  of  the 
instrument  being  somewhat  after  the  fashion  of  that  used 
by  the  Exchange  Telegraph  Company,  printing  in  ordinary 
Roman  letters.     Such  an  instrument  would  have  a  relatively 


L  eoHNtmoNa  -c^  pR7yiHfi_C[Ra*rr      Z*  connections   rpw  firikq 
Fig.  21.— Torpedo-Firing  Circuit. 


slow  speed  of  action,  but  its  result  w^ould  be  more  positive, 
inasmuch  as  the  message  could  be  read  by  a  person  without 
a  telegraphic  training,  and  if  by  chance  a  fabe  letter  were 
printed,  it  would  not  necessarily  prevent  the  word  from 
being  recognised*  Probably  its  speed— tweh^e  to  twenty 
words  a  minute — ^is  as  quick,  all  things  considered,  as  the 
average  voice-pipe  communication  now.  Of  course^ 
messages  making  nnfuiries  or  giving  in^lrwclvoT^xs  \\^  ^^co^Ti- 

uncv  with  imderstood  requirements  cou\d  be  Vivlti'sx^uXX^^ V^ 

abbreviated  stgnHh, 
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Before  leaving  the  subject  of  communications,  it 
may  be  mentioned  that  steps  are  being  taken  to  intro- 
duce into  the  navy  the  "  SulHvan "  galvanometer  for 
enabling  ships  at  sea  to  speak  with  the  land  through 
ordinary  submarine  cables.  There  is  some  prospect  also 
that  warships  will  make  general  use  of  the  Marconi  tele- 
graphic apparatus  for  fleet  and  ship-to-shore  communications. 
This  apparatus  proved  very  useful  in  the  1889  manoeuvres, 
and  equipments  have  since  been  supplied  to  some  of  the 
battleships  of  the  Channel  Squadron. 

Among  internal  bell  communications  may  also  be 
mentioned  alarms  connected  with  thermometers  for  calling 
attention  to  the  attainment  of  certain  temperatures  in 
magazines,  coal  bunkers,  etc.     The  arrangement  is  obvious. 

GiTN  AND  Torpedo  Work. 

Electricity  is  an  indispensable  adjunct  to  the  armament 
of  a  man-of-war,  being  invariably  used  for  discharging 
torpedoes  and  for  firing  modern  breech-loading  guns  of  all 
sizes. 

While  all  other  circuits  in  the  ship  are  twin-wired,  gun 
and  torpedo  circuits  are  now  universally  single-wired.  The 
following  are  the  arrangements  used  in  connection  with 
Elswick  equipments. 

Torpedo-firing  Circuits. 

Two  batteries,  one  (A)  of  low,  and  one  (B)  of  high  resist- 
ance, are  connected  with  their  positive  poles  towards  one 
another  ;is  shown  in  Fig.  21.    The  firing  key  and  detector 
are  fitted  in  the  conning  tower,  from  w^hich  the  discharge 
of  the  torpedo  is  controlled.    The  torpedo  is  placed  in  the 
tube,  the  sluice-valve  at  the  outer  aperture  of  the  tube  being 
closed.     The  valve  being  closed,  the  firing  circuit  is  open. 
The  circuit  is  then  "proved"  by  inserting  a  primer  in  the 
firing  breech,  when  current  flows  from  battery  B,  causing 
the  sounder  in  the  torpedo  room   to   start  buzzing,   thus 
indicating  that  all  is  right.   The  primer  is  then  removed  and 
the  siuice-valve  opened,  \\\us  m^Vvw^cowVa.oX.-^V'^  ^-^wd  com- 
pleting  the  circuit  VhrougVv  ^,^,Y,K,Y-AV^  N.^^\«k>teKvt& 
being  in  opposition.    TV\e  Aelectot  \AViiiA\^  \tv  S>wt  wx«»s«j, 
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tuwer  deflects  to  the  leftp  indicating  "valve  open;*  The 
firing  charge  is  inserted  in  the  discharge  chamber,  the 
primer  restored  and  the  breech  locked.  Current  from 
battery  A  through  the  high-resistance  detector  then  flows  in 
unison  with  that  from  battery  B  in  the  circuit  E,  A,  F,  P;  E, 
'e versing  the  deflection  of  the  detector  and  indicating 
ready/'    The  officer  in  the  conning  tower  at  the  proper 


Fig*  23, — Gun -Firing  Circuit. 


moment  depresses  his  firing  key,  the  tw^o  batteries  send 
their  full  volume  of  current  through  the  firing  circuit  in 
parallel,  the  fuse  is  ignited  and  the  torpedo  discharged. 


GuN-FiKiNG  Circuits, 

These  a  few  years  ^go  involved  a  formidable  auAOxxuVol^Vv^^^ 

as  the  circuits  from  afl  tfie  barbette  and  ea^^^mAVe  ^\\va%  ^c^t^ 

Jooped  into  the  conning  tower,  where  Ihe  titvn^  ^^'^l^  ^^^ 


h-:  ."•-t.,r...fr  -..-*  >.  ",  trr-r  ill  ^n.^  *3«  ^ort  local 


wr^iH: 

r-A. 

f.\r^/-» 

'■'  ■■, 

•h':   :; 

• ' :  r* 

r/,tr--::t^.  •■v.-.: her-,  k'iy-r.  -r:--'.  being  carried  on 
':-.'ir.^-.  F  .:.  22  -h -rv-i  :r.c  connections  for  a 
p^.r  of  Arr, -T  :.  i  ;-:ir-r:*-.-  :^i7,^.  F:L!:'x-:n5  out  the  main 
^rill  l:::-;.  c-.-r/;;-,  ;-  ',;:!!  Tc  -ccr.  rhat  if  switches  Sf  Sa  are 
rIo-/:rl  ;ir;<!  >,  -'.prr:,  rh-r  '.-rrt-hir.-d  p:=to:  will  tire  the  left  gun 
ar.d  rhf:  r:;;h'-K;*rid  p>:'jl  -.h-r  ri^h:  gun.  It  switch  Si  is  open 
;trA  S:^.  S-,  '.!o-»r:ri,  thrj  i-rft  p-.-:-.!  tire^  the  right  gun  ;  while  if 
Sj  1-%  op*::i  ;irid  "^j.  S,  ci-j-cd.  rhe  ri^ht  p:>toI  fires  the  left  gun. 
Finally,  if  ;ill  tFh:  -.'.vitchrj-  .ire  cl'j>ed,  l>:'th  guns  can  be  fired 
MrnijIf;iri^:o>i-;y  from  cither  -idt.  An  auxiliary  circuit,  shown 
in  (U}trf:(\  hrie.'.,  i-.  htted  up  a-*  a  stand-by  to  the  main  firing 
rimiit.  Tfn:  latter  i-  completed  only  when  the  gun  is 
"  ri;4ht  out  "  ;  th^-  auxiliary  circuit  can  fire  with  the  gun  in 
any  pfAition.  Tfie  u-^e  of  the  sounders  will  be  evident,  as 
they  hiiz/  all  the  time  the  circuit  is  made.  WTiereas  the 
fifing  pistoU  arc  usually  fixed  at  the  firing  platform,  the 
Ml  l^voy  keys,  rf>nnectecl  by  tlexihle  connections,  enable  the 
l^iinnri  \t)  lirr  front  any  position. 

Rancik  Findkks. 

Tin  M-  Avr  sonielinicN  electrical.  That  used  by  the  United 
Slairs  Navy,  invented  by  Lieut.  P'iske,  is  based  upon  theWheat- 
slnnr  In  id^e  |>rineiple.  Two  telescopes  (F'ig.  23)  are  mounted 
su  ;i ;  In  move  over /graduated  arcs.  In  gear  with  the  trains  of 
niuvrnienl  are  cylinders  wound  with  resistance  wire.  When 
llie  frirseopi's  are  parallel,  these  resistances  form  balanced 
.iinis  «»1  a  Wlieatstone  bridge.  When  the  telescopes  are 
tianied  su  as  lo  bring  a  distant  object  into  the  field  of  both 
snnnltaneously.  the  electrical  balance  is  upset  and  current 
llnws  in  (lie  galvanometer  to  an  extent  depending  upon  the 
.nr  of  (i.nning,  which  is  a  trigonometrical  function  of  the 
ilis(an\i'ol  the  objict  from  the  centre  of  the  base  line  con- 
neclmg  tiu*  iwo  telescopes.  The  base  line  should  be  as  long 
as  possible,  wluMue  one  instrument  is  usually  mounted  on 
the  lot  waid  JMid^e  anvl  one  aft,  the  galvanometer  being  in 
Ihe  connmv;  towei  when*  the  ririni;  keys  are  placed.  It  is 
llvvcs^MX  U^  kiunv  \\\\s  VvAsc  Uuc  with  «:reat  accuracy,  or 
VITxns  cixvp  tnt\^  \\\c  wmvy.  Y\\v\\\v!x,  \\\\^^i  v5cys«P5«^  ^re 
fieiVNS;ir\\    wlu^    luur^t    Vh*    ^:^^\^\^v:^:\v:v\  \\\\\\    ^:asiV  V3!^«  >s^ 

4ephonc.     The  nu\luvA  x-  a  Av-v  av.  w  c.  x>Aei  vVc  &««x\v^ 
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of  making  the  necessary  adjustments,  taken  in  conjunction 
with  the  difficulty  of  using  the  telephones  during  gun-firing, 
led,  it  is  said,  to  the  abandonment  of  the  apparatus  by  the 
vessels  engaged  in  the  war  with  Spain,  who  found  it  easier 
to' get  the  ranges  by  trial  shots. 

The  range-finder  used  in  the  British  Navy,  and  which 
has  also  been  supplied  to  most  foreign  navies,  is  that  of  Barr 
and  Stroud,  tt  is  designed  for  use  by  a  single  observer,  but 
being  a  purely  optica!  instrument  dues  not  cull  for  detailed 
description  liere.* 

The   ranges  having   been   found,   the   next    step   is  to 


r©n 


r^  ^  H"---.  i 


FUi.  ij.— Diagram,  "Fisk*^''  Kitnge  Finder, 

transmit  them  to  the  various  gun-stations.  Fur  this  pur- 
pose Drs,  Barr  and  Stroud  have  invented  a  system  of 
Range  ami  Order  Tdegraphs  for  indicating  simultaneously 
at  any  number  of  stations  the  range  of  a  given  object, 
together  with  information  as  to  the  guns  which  can  be 
brought  to  bear  upon  it,  and  orders  as  to  firing.  Figs.  24 
and  25  show  the  general  appearance  of  a  set  of  such  in- 
struments supplied  to  the  Japanese,  who  are  adopting  them 
generally.  The  British  Admiralty  have  them  on  trial.  As 
fitted  in  the  ship,  a  single  transmitter  near  the  range-finder 
position  gives  the  range  upon  ii  receiver  m  it\e-  co\\\\\\\^ 
to  wen     Adjacent   to  this    receiver  are  l^wo  Aov\\i\^  Vriccv%- 


\  i\\\%^X^  ,  \*^#5^ 
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mitters  for  sending  orders  and  ranges  to  the  several  case- 
mates or  to  the  barbettes,  the  receivers  at  which  stations 
are  grouped  upon  two  main  circuits,  with  bells  which  ring  at 
every  fresh  signal  received.  The  transmitters  and  receivers 
consist  of  clockwork  mechanisms  actuating,  under  electrical 
control,  the  movements  of  pointers  over  dial  faces,  on 
which  figures  representing  ranges  and  symbols  indicating 
orders  are  inscribed.  The  transmitter  has  an  outside  handle 
moving  about  the  centre  of  the  instrument.  To  transmit 
an  order,  this  handle  is  moved  until  its  index  pointer  is 
over  the  required  symbol.  On  moving,  it  puts  current, 
obtained  by  transformation  from  the  lighting  mains,  into 
a  small  apparatus  which  starts  an  inside  pointer  following 
the  outside  index  pointer.  While  this  is  moving,  currents 
are  being  transmitted  to  the  receivers  at  the  distant  stations 
and  the  whole  of  the  pointers  are  set  in  motion.  They  all 
stop  together  over  the  symbol  under  the  index  pointer  of 
the  transmitter. 

Being  clockwork,  the  instruments  have,  of  course,  to  be 
wound  up  periodically. 


Navigation  Instruments. 
(i)  EiigiiiC'room  Telegraphs  and  Helm  Indicators. 

An  electric  system  of  engine-room  reply  telegraphs 
worked  out  by  Messrs.  Richards  &  Evershed  was  fitted  in 
H.iM.S.  **Howe"  and  "Narcissus"  in  1893,  to  H.M.S. 
'*  Royal  Sovereign"  in  1896,  and  since  then  in  other  British 
war  vessels. 

The  indicating  instruments  have  the  appearance  common 
to  mechanical  telegraphs,  the  dials  being  marked  to  show 
the  usual  direction  orders  "  Stop,"  ''  Slow,"   "  Half "   and 
"  P\ill,"  •'  Ahead  "  or  "Astern."     The  revolution  of  the  indi- 
cating hand  is  effected  by  the  combined  operation  of  two 
electro-magnets  (see  F^ig.  26)  placed  at  right  angles  to  one 
another,  and   producing   between   them   a  cross  magnetic 
fieldf  within  which  Vves  31  mw^weV  with  which  the  indicating 
needle  is  geared.    The  vosxVvow  o\  \\\vi  \\^*i.^^  ^^^y^sJs, solely 
on  the  relative  streuglVi  v:)i  W\vtsc  \.\nv5  ^\^\^  ^:.vivcLV^^^\v\&,-»^\ 
T-is  depends  on  the  taUo  o^  V\^^  ^^^^^^^^^  ^^  '^^  '^^^  ^^ 


i^k^ir^r^r^r^^ 


boo  0^0  00^ 


Fii,.  2S--A  Group  of  HiUigv  and  Order  Tck'gr;irh  I nbtruinctifH. 


F/f;  J4  ~lUn  A  NtiMtHt  5  Rju^^;  ^^twl  O^ikt   ttk^ir*\A\v, 
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This  ratio  is  controlled  by  the  "  transmitter,"  which  consists 
of  a  multiple  contact  switch,  through  which  the  ordinary  80- 
volt  electric  light  circuit  is  connected  to  a  pair  of  ratio 
arms  included  in  the  same  circuit  as  the  coils  of  the  indi- 
cator ;  the  movement  of  the  transmitter  switches  resistance 
out  of  one  arm  into  the  other,  thus  altering  the  relative 
value  of  the  current  strength  in  them,  and  controlling  the 
movements  of  the  indicator.  An  important  detail  is  that 
the  action  does  not  depend  on  the  absolute  value  of  the 
currents  in  the  indicator  coils,  but  only  upon  their  relative 
value,  so  that  a  constant  voltage  is  unnecessary. 

A  similar  indicating  instrument,  graduated  in  degrees,  is 
used  for  showing,  at  the  several  navigating  stations,  the 
angle  made  by  the  rudder  ;  the  transmitter  switch  in  this 
case  being  automatically  worked  from  the  rudder  crosshead 
(F'ig.  27).  By  means  of  switches  these  telegraphs  can  be 
arranged  to  signal  from  any  of  several  working  positions  ; 
bridges  and  conning  towers  to  wit.  Transmitters  send 
orders  from  any  of  these  stations  to  a  common  receiving 
instrument  in  the  steerage  flat. 

(2)  EiighiC'tvom  Indicators. 

A  system  for  showing  simultaneously  in  the  bridge  posi- 
tions, conning  towers,  and  other  navigating  stations,  the 
revolutions  of  each  set  of  engines,  and  for  indicating  in 
each  engine-room  the  revolutions  made  not  only  by  the  set 
of  engines  in  that  room,  but  also  by  the  set  in  the  other 
room,  is  of  great  value.  Such  a  system  has  been  worked 
out  by  Signor  F.  Molinari,  and  has  been  adopted  through- 
out the  Italian  Navy,  and  is  also  used  on  warships  of  other 
countries.  The  indicating  instruments  (Fig.  28)  are  direct 
reading  in  revolutions  per  minute.  They  are  clockwork 
instruments,  kept  in  synchronism  by  a  standard  clock. 
This  standard  clock  has  a  commutator  within  it  which 
sends  current  for  20  seconds  into  the  coils  of  an  electro- 
magnet in  the.  indicating  instruments,  then  breaks  it  for  4 
seconds,  re-establishes  it  for  another  20  seconds,  and  so  on. 
While  this  current  is  on,  the  electro-magnet  holds  a  detent 
which  allows  an  escapement  vuoVxow  \v>  OixxN^S^vi'vwLvcating 
id  over  the  dial.  Covrec\\ufe  cv\YTe\\\.s  ^vt^\>a^  -awX^NOc^vw^ 
t-maker  driven  by  a  ivvctvow  \x\vee\  ^Toxw^^^t^x^^^^jS^ 
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shaft  of  the  engine  at  the  rate  of  three  per  revolution  are 
received  in  separate  electro-magnet  coils  in  the  instrument, 
and  while  the  main  current,  controlled  by  the  standard 
clock,  is  disturbed  for  the  4-second  interval  mentioned,  the 
correcting  currents  drive  the  indicating  needle  forward  or 
pull  it  backward  acc(^rding  as  the  average  rate  of  revolution 
of  the  engines  has  been  less  or  greater  than  that  shown  at 
the  moment  on  the  dial  of  the  instrument.     A  galvanometer 


Fic;,  2S.-  M(>Iinari's  Kn.iiinc  Kovnlution  Indicators. 


tell-tale  for  indicating '^  ahead  "  or  **  astern  "  is  fixed  in  the 
bottom  of  the  indicator  case,  and  receives  current  from  what 
is  called  by  the  inventor  an  ^'alternator,"  driven  from  the 
shaft  in  one  direction  or  the  other  according  as  the  ship  is 
going  ahead  or  astern.  When  no  current  passes  at  all  the 
needle  takes  the  mid  position  and  indicates  **stop." 
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PART    IL 

MACHIXERY  AXD  POWER  Dl$7RlBUIlOh\ 

The  machinery  of  a  modern  ship  of  war  consists  of — 
{a)  Main  Propelling  MacJiintTVj  consisting  of  high-speed 
steam  engines  and  high-pressure  boilers.  From  the  figures 
given  by  Sir  Wilham  White  at  the  1899  meeting  uf  the 
British  Association  at  Dover  as  to  the  output  and  efficiency 
of  this  class  of  machinery  for  a  given  weight,  and  from 
calculations  made  by  Mr,  Alexander  Siemens  as  to  the 
weight  of  accumulators  required  to  perform  the  same 
work,  there  is  no  difficulty  in  concluding  that  electricity 
wil!  have  no  place  for  many  a  long  day  in  the  propulsion 
of  large  ships.* 

(h)  Auxiliary  Machinery,  This  general  title  covers  a 
variety  of  machines  whose  functions  fall  into  three  prin- 
cipal classes. 

(i)  Those  which  co-uperate  with  the  main  engines 
and  boilers  in  the  propulsion  of  the  ship  ;  i\^.,  boiler 
feed-pumps,  air  and  circulating  pumps  for  condensers, 
fans  for  producing  pressure  in  the  stokeholds  or 
furnace- blowing  engines  for  working  at  '^forced 
draught;*'  steering  engines,  capstans  for  raising  anchors, 
etc, 

(2)  F'unctions  relating  tu  the  operation  of  the  ship 
as  a  fighting  machine  ;  e^g.f  engines  for  moving  turrets 
and  for  elevating  and  loading  guns,  hoists  for  raising 


*  "Wtlh  mdclerii  twin-screw  engines  and  high  ?iteam  prcsaurif  each  ton 
weight  prisduciid  frtim  6  to  7  horse-power." — Sir  William  White*  loc.  cit,, 

**A  6,000-loH  Jihip  propdletl  by  H.chxi  I.H.P.  will  lake  ;tbout  130  hours 
to  cross  the  ocean,  tqiui!  to  1, 300,000  httrhsc-piwer  hours.  Fairly  etlicirnt 
iiccumulators  give  about  10  watt  hours  pi-r  1  lb*  of  their  wtighij  so  that  a 
hof^-power  h*>nr  can  be  obtained  for  75  lbs.  of  accumulators.  The  ship  in 
quL'stion  would  therefore  have  to  load  about  40,000  t(»nii  of  accumulators  for 
the  trip  across  the  Atlantic/'— A.  Siemens,  loc.  eit.,  Jt^ttrnul  5t«r.  Arts, 
xlvii.  *^20. 

In  othtr  words,  for  J 50  hours  sleammg,  1  horse-power  ia  \^Tiid^3w:«t4  Vtw^ 
5  Ifjnsi  of  accuinuliifrtr*; ;  hentc,  neglecting  wuighl  oi  ^V^^cVnc  xutAor?*  -a-vA 
ncceinuries,  clvciiii;  prtipulahm  is  inferior  lo  steA\Ti  pTopuH\4>w  ti\\  V\\fi  ^c«*£tt 
of  wtfight  iit  the  ratio  ofM  hUBl  l  :  30,— AlJTHOH* 
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careful  attention,  has  been  installed  and  sent  to  sea.    When, 

riis  i-s  inevitable,  such  motors  fail,  the  report  sent  in  is  less 
likely  to  be  to  the  effect  that  *^This  particular  motor  is 
unsuitable*'  as  that  "Electricity  is  not  adapted  to  this  class 
of  work," 

The  modern  traction  type  of  motor  l:»est  meets,  on  the 
whole,  the  requirements  laid  down  as  necessary  for  ship 
work,  and  the  conditions  under  which  it  actually  works  on 
tand  are  as  bad,  if  not  worse  ;  yet  the  accumulating  experi- 
ence of  the  world  that  such  motors  will  endure  the  very 
roughest  usage,  makes  it  unnecessary  to  argue  further  that 
enclosed  motors  can  be  built,  of  moderate  weight  and  cost 
in  relation  to  output,  that  will  leave  nothing  to  be  desired 
on  the  ground  of  reliability. 

Reliabihty  being  the  first  consideration,  the  next  in 
importance  is  simplicity  in  operation,  combined  with  ease 
of  mspection  and  repair.  An  electro- motor  is  a  simpler 
machine  to  operate  than  a  steam  or  hydraulic  engine,  It 
has  fewer  working  parts  requiring  attention.  Indeed,  if 
only  attention  is  given  to  supplying  tht*  bearings  wilh  oil 
and  to  cleaning  the  commutators  periodically,  there  is 
nothing  else  for  an  attendant  to  do.  Also  a  motor  is 
cleaner  in  operation  ;  it  is  not  necessary  to  drain  out  a  pipe 
full  of  water  before  it  will  starts  and  not  only  is  the  mess 
due  to  the  absence  of  drainage  water  saved,  but  there  is  the 
advantage  that  the  motor  can  be  started  instantly. 

Cables  for  motors  may,  in  like  manner^  be  held  to  be  a 
simpler  means  of  transmission  than  steam  or  hydraulic 
pif>es  ;  they  are  more  easily  led  about,  weigh  less,  and  take 
up  less  room  than  pipes  capable  of  conveying  an  equivalent 
power,  and  they  interfere  less  with  the  structure  and  dis- 
position of  space  in  the  ship.  It  has  been  objected  against 
them  that  faults  in  cables  are  not  so  easily  found  as  in  the 
case  of  steam-pipes,  but  if  the  cables  are  originally  water- 
tight and  are  led  about  the  ship  from  point-to-point  junction 
or  fuse  boxes,  it  is  not  difficult  to  isolate  the  sections  one  at 
a  time  and  locate  the  fault  rapidly.  If  a  fault  exists,  when  it 
is  found  it  can  be  repaired  much  more  expeditiously  thar. 
a  leaky  joint  or  other  fautl  in  pipes  can  be,  especially  sleam- 
pipcs,  which  have  to  be  allowed  a  long  \i\me  lo  ^^V  cii^^X 
before  f hey  an  be  ftandfed.  Furlhet,  il  tl  \s  i\o\  ct>v\sw\^^^ 
/g  jmrnr  m  cable  fnult  tmmediateliLAioaJMffiKir  ^^'^^^JJ^  "^^ 
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The  mtchsmioit  ^Mtcmmcf  ci  an  dectnc  motor  is  as  :i 
tHk  n  l#!w  pfrr  cent.  MgfMr  Aaa  OgH  of  a  steam  engine 
frf  t*^  hfiK  power.    The  efBdency  of  the  sjmtem  as 

^  wh  ,^  ,,...>3ve*  the  confidemtsofi  of  the  generating  and 
tUMrihtiUng  arr^ngrnientu,  and  here  electncity  has  a 
rrtifk^fl  ifJi'?ifit^y<*  avtr  either  iteam,  compressed  air,  or 
frvfl«iiy1k«i*  (he  |>(JW*rr  lakcn  being  strictly  proportional  to 
lirnd  rtfHl  (li<«  ovrrlK!;id  efficiency  from  I,H-R  of  generators 
(n   tt  If  J\  nil   fiiotof   HhiifU  averaging  about  65  per  cent, 

lit   (till   tlHIll. 

RHklt^niv^  Jinwt»vi?r,  c;innot  be  considered  alone.  The 
NiiVnl  Aiihi(<4f  wantM  the*  relative  advuntuyes  of  competing 
HV^hMVH  tr^|Aiti4MHl  ill  Itrm^  of  weight  and  s^^iace.  In  a 
i\isv\\  !i|t(|i  i>{  wni.  the  correct  adjust nicut  of  weights  and 
'^  '  with  tlic  luaximum  otfensive  and 

'  ^  ' !  \Til    I II    Armour    and    armatnent, 

M*t  i^hihiidiuVv     llettce,  utk^ientitic  as  it  may 
^  vvr  Jislributioo  s^em  of 
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favourable  design  in  the  offensive  and  defensive  qualities  of 
the  ship.  Whether  the  change  from  steam  to  electric 
driving  of  auxiliaries  involves  the  sacrifice  of  greater  weight 
than  is  compensated  for  by  the  advantages  gained  is  pre- 
cisely the  question  on  which  authorities  differ — ^the  differ- 
ences being  chiefly  due  to  the  use  of  general  terms  for  the 
sake  of  the  argument  instead  of  precise  calculation.  I 

The   main   sources  of   loss   in   operating  steam-driven 
auxiliaries  are  three  :   (n)  The  use  of  too  great  a  range  of 
temperature  and  pressure  in  the  cyhnders.     (6)  Leakages 
past  pistons  and  valves  due  to  wear,     (c)  Steam-pipe  con-        j 
densation,  I 

(a)  As  illustrating  the  uneconomical  use  of  steam  under  | 
the  first  condition,  consider  the  case  of  winches  and 
capstans.  These  must  exert  a  powerful  effort  in  starting, 
and  hence  must  have  very  Httle  lead  and  lap  to  their  valves.  I 
If  therefore  steam  at,  or  near,  boiler  pressure,  say  250  lbs., 
be  taken  with  cut-off  at,  say,  J  stroke,  and  discharged  into 
the  condenser  at  the  end  of  the  stroke,  it  is  obvious  that  the 
steam  consumption  per  l.H.P,  must  be  very  high.  Steam 
engineers  are  well  aware  of  this,  and  the  increase  in  boiler 
pressures  of  the  last  few  years  has  led  to  the  introduction  of 
several  methods  of  utilising  steam  in  auxiliary  machinery  to 
better  advantage.  One  obvious  but  not-too -common ly- 
employed  method  is  the  use  of  reducing  valves  in  the  steam 
supply  pipes  of  auxihary  engines.  1 

The  favourite  practice  at  present  in  the  American  Navy       ' 
is  to  turn  the  exhaust  from  the  auxiharies  'into  a  feed-water 
heater,  in  which  the  latent  heat  is  abstracted  and  the  feed 
raised  from  about  80^  or  85°  F,  to  approximately  boiiiiig 
point ;  and  when  the  power  being  developed  in  the  main 
engines  is  too  low  for  the  feed  to  condense  all  the  auxiliary 
exhaust  steam,   the  surplus   has   been  turned    into  a   low-         I 
pressure  evaporator.     Notwithstanding  the  increase  of  back        I 
pressure  on  the  auxiliaries  by  this  arrangement,  a  saving  of        | 
about  9  per  cent,  of  coal  used  for  auxiliaries  is  said  to  have        \ 
resulted*      In  our   na\7,  auxiliary  feed  heaters   are   being 

rtroduced  for  the  same  purpose*  1 

Other  devices  for  economising  steam  are  :  the  employ-        ' 
ment  of  compounding  devices  for  using  the  ste^m  m%V^.ij:.^, 
as,  for  example^  operating  some  auxiliarve^  \:s^  VVv^  t^TfJcvaxiaV 
/rom    otIwrH,    supplying   auxiliaries    a\   luW  ^te^vk^^  "^^^ 
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Set. 

Load 
I.H.P. 

Steam  lbs. 
per  I.H.P. 
per  hour. 

Remarks. 

No.  I 

»» 

21*873 

5 19-598 

I  33-601 
29-184 

123*27 

88-64 
68-25 

6933 

(  Pistons  water-packed  and  bad  fit  to 
<      cylinders,  cylinder  bores  rough  and 
(     pitted. 

1  New   pistons  with   two  cubic    inch 
V     packing  rings  in  each,  in  use  about 
J      ten  days. 

(  New    piston   with   packing  rings  in 
(     cylinders. 

No.  2 

(  I9OI2 
(  30354 

(  16-791 
(  26553 

(  22923 
135-237 

108*71 
84-03 

I02-73 
84-74 

65*12 
56-45 

)  Water-packed  pistons,  cylinder  bores 
J      rough. 

Do.                do. 

)  New  pistons  with  packing  rings,  in 
)      use  about  nine  days. 

No.  3 

1  26234 

(  18-241 
(  27-815 

20-40 

97-75 
79-48 

81-62 
72-14 

97-92 

)  Water-packed  pistons;   fit  cylinders 
J    closely.  Cylinders  in  good  condition. 

New  pistons  with  packing  rings,  in 
use  about  four*  days. 

Water-packed  pistons. 

efficient  auxiliary  in  the  ship — the  margin  of  loss  from  con- 
densation to  be  got  rid  of  by  the  extended  use  of  electro- 
motors would  go  a  long  way  to  furnish  the  required  set-off 
in  coal-saving  to  balance  the  necessary  increase  in  weight  of 
the  electric  system.  For  it  is  to  be  remembered  that  this 
loss  occurs  not  merely  when  the  auxiliaries  are  exerting 
power,  but  goes  on  the  whole  time  the  ship  carries  steam, 
whether  the  engines  are  working  or  not.  To  illustrate  this 
point,  an  instance  may  be  mentioned  that  has  recently  come 
under  the  author's  observation.  The  new  first-class  battle- 
ship "Shikishima"  carries  25  Belleville  boilers,  capable 
under  full  steam  of  developing  over  15,000  I.H.P.  in  the 
main  engines,  besides  working  the  auxWvanes  uecfcssax^  Vox 
steaming  at  full  power,  driving  dynamos,  e\c.    TVvu^  ^•a.Ocv 
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lioilcr  at  full  pow€f  is  equal  to  the  supply  of  steam  for  o\>er 
600  LH,P,  WTien  at  ;«nchor»onc  boiler  under  easy  ^team— 
i>.j  evaporating  from  9  to  10  lbs.  of  water  from  and  al 
212**  F-  per  pound  of  coal — was  just  able  to  work  00648  Lu% 
sile;im  dynauio  at  about  J  power^  together  w^ith  one  feed* 
pump  and  the  air  and  circulating  pumps  connected  with  the 
auxiliar>' condenser  into  which  the  dynamo  engine  exhausted* 
besides  working  a  fire-  and  bilge-pump  occasionally.  If  a 
capstan  engine  or  lx>at  hoist  had  to  be  worked  in  addition,! 
second  boiler  was  necessary.  The  dynamo  was  about  160 
feet  of  pipe  length  away  from  the  boiler,  the  totat  range  of 
steam  pipe  connected  being  500  to  600  feet*  Performing 
the  lirst-mentioned  service  with  only  one  boiler  alight,  the 
coal  burnt  varied  from  3I  tons  to  5  tons  per  day  of  18  houn* 
for  about  65  UH.R,  or  al>out  7  lbs*  per  LH,P.  hour  at  the 
best  to  10  lbs.  at  the  worst,  the  average  being  over  8  lbs*; 
which  shows  that  more  than  half  the  fuel  must  have  been 
expended  in  keeping  the  pipes  w^rm.  All  pipes  were  well 
covered  and  below  decks^  and  all  machinery  new  and  in 
first-class  condition* 

Sir  John  Durston  has  published  particulars  of  the  coal 
consumption  of  certain  auxiliaries  of  H.M<5.  "  Diadem/ 
obtained  when  tlie  ship  was  at  rest  in  the  basin,  which  bear 
on  the  same  potnt.*  He  discovered  that  to  run  one  main 
feed-pump,  one  blowing  engine,  one  auxiliary  circulaton 
one  electric-light  engine,  and  two  distiller  pumps  consumed 
coal  at  the  rate  of  6'i  tons  per  day  when  two  extreme  for- 
ward boilers  were  employed,  or  3'88  tons  when  two  extreme 
after  boilers  were  employed ;  the  same  machines  with  the 
addition  of  two  evaporators,  working  compound,  consumed 
8'8  tons  per  day  when  supplied  from  the  forward  boilers, 
and  7*09  tons  when  supplied  from  the  after  boilers  ;  i.tv, 
the  elimination  of  the  lengths  of  steam-piping  between  the 
forward  and  after  boilers  alone  resulted  in  a  saving  of  from 
20  to  30  per  cent*  of  the  total  coal  used  for  the  machines 
in  question. 

The  same  proportion  of  waste  may  be  concluded  to  exist 
under  sea-going  conditions ;  for  although  more  machinery 
would  be  at  work,  and  therefore  the  steam  would  in  some 
measure  be  used  to  better  advantag^e^  yet^  on  the  other  hand^ 
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the  long  lengths  of  pipes  fore  and  aft  of  the  ship  would  be 

connected  to  the  steam  mains,  as  well  as  branches  going 
into  colder  regions  above  the  protective  deck.  Hence  it  is 
clear  that  with  short  direct  connections  to  steam  dynamos, 
and  electric  distribution  to  all  the  other  auxiliaries  for  which 
electric  driving  is  sui table,  a  considerable  saving  of  coal 
— probably  at  least  5  tons  per  day— would  be  effected  under 
this  head. 

The  total  coal  consumption  for  auxthary  purposes  may 
be  thus  computed:  Steaming  at  "economicar*  speed — 
about  12  knots— involving,  say,  one-fifth  power,  it  is  known 
that  the  coal  consumption  of  a  good  modern  first-class 
battleship  or  cruiser  with  Belleville  boilers  fitted  with 
economisers  is  about  2  lbs.  of  coal  per  LH*P.  hour,  which 
for  3,000  H.P*  represents  about  65  tons  per  day  of  twenty- 
four  hours,  of  which  the  minimum  number  of  auxiliaries 
employed  under  these  conditions  (i.t\  steering  engine, 
pumps,  distiller,  and  one  dynamo)  consume  on  an  average 
about  25  per  cent*  ^16  tons.  Supposing  the  engine-room 
pumps  continue  to  be  steam  driven,  the  principal  auxiliaries 
used  when  the  ship  is  cruising  under  ordinary  sea-going 
conditions  will  be,  besides  those  mentioned,  ventilation  fans, 
ash-hoist  engines,  and  refrigerating  machinery,  together  with 
air  compressors  and  turret  machinery  for  drill  purposes, 
These  machines  work  intermittently,  and  hence  average  coal 
consumption*5  are  to  some  extent  a  matter  of  speculation  ; 
but  it  will  probably  be  below  the  actual  consumption  of 
many  ships  to  take  the  average  total  coal  consumption  of  all 
the  auxiliaries  employed  in  an  ordinary  commission  at  20 
tons  a  day,*  or,  neglecting  the  dynamo,  15  tons* 

Turning  to  the  broad  question  of  the  mechanical 
efficiency  of  electrically  driven  auxiliaries,  notice  must  be 
taken  of  a  couple  of  recent  papers  by  Lieutenant  Robinson, 
.U.S.N/* 

For  purposes  of  comparison.  Lieutenant  Robinson  takes 
the  average  steam  consumption  of  the  best  steam  auxiliaries 
low  produced  at  just  below  70  lbs*  per  l.H.P.  hour.     He 


The  **  powerful  **  is  said  to  have  burnt  on  htr  voyage  lo  Chmm  iMl^c^wt 
I  tons  a  day  for  auxiJhiries.  The  **  Diadem"  cfm^f^  'ai\4  ftw ^"^  Q*^\«iNs&" 
nttleships  ^re^  however,  mach  more  economical* 

*  Auxiliary  Machinery  for  Warships;'  Etigiticcring   Ma^atine*  0«^Q\y« 
^nd  November,  tSg^, 
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puts  the  best  steam  consumption  of  an  electrical  generator 
at  26  lbs.  per  I.H.P.  hour,  the  exhaust  being  taken  into  a 
feed  heater.  He  takes  the  efficiency  of  the  engine  at  93  per 
cent.,  dynamo  86  per  cent.,  line  95  per  cent.,  and  motor 
78  per  cent.,  =  overall  efficiency  59  per  cent.  ;  and  on  this 
basis  shows  that  the  steam  consumption  per  B.H.P.  on  the 
motor  shaft  is  44  lbs.  per  hour,  representing  a  reduction  of 
35  per  cent,  of  the  steam  used  by  the  best  steam-driven 
auxiliaries.  He  then  goes  on  to  argue  that  if  electric  motors 
are  used  to  drive  the  auxiliaries,  it  will  be  necessary,  in  order 
to  get  the  requisite  torque  at  the  highest  speeds,  to  instal 
motors  of  1*5  times  the  rated  horse-power  that  would  be 
required  if  steam  auxiliaries  were  used  ;  and  hence,  that  as 
against  a  total  of  1,500  I.H.P.  of  steam  auxiliaries  weighing 
(at  100  lbs.  to  the  I.H.P.)  70  tons,  a  total  motor  capacity  is 
required  of  2,250  H.P.,  weighing  on  the  same  basis  105 
tons. 

The  author  ventures  to  join  issue  with  this  conclusion, 
which  appears  to  be  incorrect  in  several  particulars  : — 

(i.)  The  I.H.P.  of  steam-driven  auxiliaries  is  compared 
with  the  B.H.P.  of  motor  driven  auxiliaries,  which  is  unfair. 
It  would  probably  be  liberal  to  allow  an  average  mechanical 
efficiency  for  steam  engines  of  the  class  used  for  auxiliary 
machinery  of  70  per  cent.,  so  that  if  they  consume  70  lbs. 
steam  per  I.H.P.  this  represents  100  lbs.  per  B.H.P.  Hence 
the  saving  of  coal  due  to  electric  driving  is  56  per  cent, 
instead  of  35  per  cent,  (ii.)  The  only  auxiliaries  requiring 
maximum  torque  at  highest  speeds  are  pumps  and  fans, 
and  it  does  not  at  all  matter  whether  the  torque  exerted 
by  motors  on  such  machinery  is  equal  to  that  exerted 
by  steam  engines,  or  not,  provided  the  useful  work  done 
per  minute  is  the  same;  on  the  contrary,  services  of  this 
kind  are  excellently  adapted  to  the  capabilities  of  motors 
of  comparatively  small  torque  but  high  speed,  the  high 
speed  allowing  of  a  smaller  and  more  compact  machine 
than  the  slower  running  engine,  (iii.)  Winches,  capstans, 
turret  and  steering  engines,  and  in  fact  all  in  which  inertia 
effects  come  in,  require  maximum  torque  at  starting.  Here 
the  electric  motor  is  distinctly  on  its  own  ground,  for  it  is 
quite  easy  to  build  and  cowVvoV  vwotors  in  such  a  way  as  to 
obtain  from  them  a  sVavWu^  Vovv\w^  vtv\wA  \si  v>«^  oic  three 
times  that  corresponding  \.o  xW\y  rAvt^lv\\\^^Q►^^\,^\^^55B^^& 
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not  the  case  with  steam  engines  ;  besides  which  the  motor 
has  the  further  advantage  of  exerting  a  continuous  rotary 
effort  in  lieu  of  the  fluctuating  turning  moment  of  the 
reciprocating  engine,  (iv.)  The  argument  as  to  the  higher 
power  rating  of  the  motor  drive  appears  to  be  drawn  from 
the  analogy  of  electrically-driven  as  compared  with  steam- 
driven  machine  shops,  which  is  inapplicable  to  the  case 
under  discussion. 

The  conclusion  appears  to  follow  from  the  foregoing 
arguments  that  any  appreciable  increase  in  the  horse-power 
rating  of  electric-  as  against  steam-driven  auxiliaries  is  un- 
necessary, and  that  if  the  whole  of  the  auxiliaries  of  a 
15,000  H.P.  ship  were  electrically  driven  a  saving  of  about 
5  tons  of  coal  used  in  generating  the  auxiliary  steam  would 
result  from  the  suppression  of  pipe  condensation,  and  (on 
the  rather  low  basis  of  59  per  cent,  overhead  efticiency)  a 
further  saving  of  56  per  cent,  of  the  balance  of  10  tons  =  5  J 
tonsp  due  to  superior  mechanical  efficiency — a  total  of  io| 
out  of  the  20  tons  of  coal  per  day  used  by  a  good  steam 
auxiliary  equipment. 

The  total  bunker  capacity  of  a  ship  of  the  power  men- 
tioned would  he  about  2,000  tons,  representing  the  ability 
to  keep  the  sea  for  about  25  days  at  economical  speed.  The 
saving  in  coal  consumption  in  these  25  days  represents  262 
tons  on  the  hash  shown — an  amount  sufficient  to  more  than 
counterbalance  the  necessary  additional  weight  of  generators 
and  motors  carried. 


The  questions  next  arising  are  ;  to  what  purposes  is  it 
practicable,  having  regard  to  alt  considerations,  to  adapt 
electric  drivings  what  would  be  the  changes  in  weight, 
space,  etc.,  involved,  and  what  should  be  the  arrangement 
of  the  installation  for  supplying  the  power  ? 

There  is  a  broad  difference  at  once  to  be  recognised 
between  machines  directly  co-operating  with  the  main  pro- 
pelling machinery  and  those  performing  other  duties.  On 
the  whole,  present  engineering  opinion  is,  from  considera- 
tions of  reliability,  decidedly  in  favour  of  continued  steam- 
driving  for  boiler  feed-pumps,  circulating  and  hot  well 
putnps,  fire  and  bilge  and  distiller  pumps.  It  haijv^^vt'^  \X\^V 
these  pumps  are  the  worst  steam-eaters  Vu  V\\e  s\u\i  \  \v\  ^^ 
*  Mmne^polis, "  for  example,  the  consumpVvQtv  t;xt\^^^  \toxa 
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7574  lbs.  in  a  circulating  pump  doing  4-1  I.H.P.,  one  cylinder 
alone  taking  steam,  to  3 18-68  lbs.  for  a  small  pump  developing 
78  H.P.  which  was  used  for  flushing  purposes,  the  average 
for  the  twelve  pump  tests  included  in  Mr.  White's  tables 
being  i6r6i  lbs.  per  l.H.P.  hour.  Experience  with  electric 
auxiliaries  in  other  situations  may  eventually  lead  to  the  use 
of  electricity  for  these  services  ;  but  this  contingency  may  be 
left  out  of  account  for  the  present. 

Starting  and  turning  engines  may  be  regarded  as  parts 
of  the  main  engines  themselves,  and  of  course  will  be  driven 
by  the  same  power. 

The  only  auxiliary  services  within  the  engine  and  boiler 
rooms  for  which  the  use  of  electricity  may  be  considered  at 
present  are  ventilation  and  furnace  blowing. 


Fans  for  Engine  and  Boiler  Room  Ventilation. 

In  the  "Canopus"  class  of  battleships  each  engine-room 
is  ventilated  by  a  7  ft.  6  in.  fan  driven  by  a  direct-acting 
steam  engine,  while  the  boiler-rooms  are  supplied  with  air 
from  four  8-feet  fans  at  240  revolutions,  and  two  6-feet  fans 
at  320  revolutions  per  minute.  These  represent  in  the 
aggregate  about  150  I.H.P.,  with  a  weight  of  between  three 
and  four  tons.  The  **  Duncans  *'  will  carry  two  engine- 
room  fans,  each  6  ft.  6  in.  in  diameter,  wuth  two  8  ft.  3  in. 
and  eight  6  ft.  6  in.  fans  in  boiler-rooms,  the  speed  being 
about  300  revolutions.  Fan-driving,  being  a  purely 
rotary  movement,  is  a  duty  which  electric  motors  have 
shown  themselves  excellently  able  to  perform  ;  they  can  run 
at  at  least  twice  the  speed  of  reciprocating  engines  for  the 
same  power  w^ithout  noise  or  vibration,  and  can  give  the 
required  deliveries  with  smaller  fans,  with  higher  efficiencies 
in  both  motors  and  fans,  and  therefore  with  less  total  power. 
It  would  probably  be  reasonable  to  take  the  total  power  of 
motors  to  perform  the  engine-  and  boiler-room  ventilation 
of  the  most  powerful  ships  at  about  80  B.H.P.  on  the  fan 
shaft,  say  100  E. H.P.  input,  which  could  be  provided  in 
enclosed  type  motors  built  for  continuous  work  at  750  revo- 
Iiitions  per  minute  tor  Abov\\.  Wvx^vt  Vovis^ox^-jJA^wing  for  the 
weight  of  the  fans,  an  mct^oise  ol  vwA  vcvo\^  >^-^w  ^^^  v^g^ 
on  the  above  total  \ve\fe\\V. 
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Furnace  AiR-BLOWrNo  Engines. 

These  are  high-pressure  air-pumps  adapted  for  delivering 
air  at  15  to  30  lbs*  pressure  above  the  tires  and  into  the 
combustion  chambers  of  the  boilers,  A  set  of  five  such 
engines  in  the  ''Shikishima''  weigh  5  tons  2  cwt,  and  develop 
an  aggregate  of  220  LH.P,  Pumping  services  of  this  kind 
are  very  efficiently  performed  electrically^  but  the  substitution 
of  geared  motors  for  engines  would  result  in  this  case  in  an 
increase  of  the  total  weight  probably  to  the  extent  of  about 
3  tons  for  200  E,H,R  Furnace  air-engines  are  generally 
placed  in  the  boiler-rooms,  but  if  electrical  they  could  more 
conveniently  be  placed  outside  or  above  the  boiler-roomSt 
air-pipes  only  being  led  into  the  firing  compartments. 

Considering  next  the  auxiliary  machinery  outside  the 
engine-  and  boiler-rooms  we  find  these  include  steering 
engines^  capstan  engines,  boat^  coal  and  ash  hoists,  venti- 
lating fans,  air  compressors,  refrigerators,  workshop  engine, 
turret- working  machinery,  and  ammunition  hoists. 


Steering  Engines. 

It  is  convenient  to  consider  these  machines  in  this 
section,  as  they  are  usually  placed  in  the  after  steerage  flat 
adjacent  to  the  tiller  compartment.  In  some  of  the  latest 
British  ships  they  are  placed  in  the  engine-rooms  and  con- 
nected by  long  lines  of  shafting  to  the  tiller  mechanism. 
This  arrangement  saves  carrying  steam-pipes  aft,  but  seems 
to  have  nothing  else  to  recommend  it. 

Next  to  the  main  engines  these  are  the  most  important 
in  the  ship,  and  before  every  question  of  weight  or  efficiency 
the  most  reliable  machine  must  be  used  here.  Electric 
steering  engines  have,  the  author  understands,  been 
made,  and  there  seems  no  reason,  so  far  as  the  motors  are 
concerned,  why  equally  positive  results  should  not  be 
obtained  with  these  and  with  steam  engines.  The  con- 
trolling of  their  motion  is  the  principal  di (ficulty.  The 
motors  would  be  everlastingly  starting,  sto^pm^,  leN^x^wt^^ 
and  altering  spe^d  ;  or,  if  the  motors  ran  coril\Tvv\<:5U^'^ ,  "^^vv 
luch  movements  would  be  always  beVnj^  iiaadt  b^  ^^  ^i&ss 
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and  clutches*  And  whereas  the  steering  engine  is  deep 
down  in  the  nhip,  the  control  has  to  be  operated  irom 
distant  stations,  of  which  there  are  usually  five,  intercon 
nectcd,  the  forward  bridge  and  conning  lower  being  the 
mojit  iniportiint  and  the  most  generally  used«  Simple  rheo- 
static  control  from  a  distance  is  not  good  enough  ;  to  secure 
the  necessary  s^ensitiveness,  a  large  number  of  SAvitch  con- 
tacts and  connections  would  he  necessary  ;  and  an  extensive 
system  of  cables  interconnecting  all  the  steering  stations  is 
inadmissible.  A  maker  of  steering  engines  once  told  the 
author  he  had  invented  an  electric  steering  engine  which  he 
was  sure  met  every  requirement,  but  it  required  seventy- 
nine  wires  !  The  reply  was,  of  course^  that  seventy* nine 
wires  would  kill  any  such  project.  Recourse  must  be  had 
either  lo  a  pilot  motor,  worked  by  a  small  switch  and  t%vo 
or  three  wires,  operating  in  its  turn  the  controller  of  the 
peering  motor  proper  (indeed,  it  would  probably  be 
possible  to  emplt>y  the  hydraulic  telemotor,  now  so  largely 
ua*ed|  for  working  electric  controlling  switches  alongside  the 
steering  motors,  in  similar  fashion  to  that  in  which  it  reverses 
the  valves  of  the  steam  steering  engine),  or  to  the  inter- 
action of  two  machines  as  in  the  Ward  Leonard  system  of 
controlling  turrets.  If  the  difficulty  of  control  be  satisfac- 
torily overcome,  the  gain  in  efficiency  of  electric  steering 
mechamsni  ought  to  be  very  substantial,  owing  to  its  long 
periods  of  work.  From  its  irregularity  of  working  it  is 
impossible  to  define  the  average  H.P.  of  a  steering  engine. 
The  motor  to  replace  it  must  be  a  substantial  affair,  heavily 
geared,  the  torque  required  on  the  rudder-post  of  a  big 
battleship  being  as  much  as  500  ton-feet.  To  move  the 
rudder  from  hard-a-port  to  hard-a-starboard  in  30  seconds, 
which  is  the  usual  requirement,  a  steering  engine  will  make 
about  300  revolutions,  and  working  at  this  maximum  rate 
the  LH.H,  will  lie  between  300  and  400,  and  the  useful  work 
done  on  the  rudder-post  will  be  at  the  rate  of  about  7^5  H,P, 
net,  an  overall  elBciency  of  20  to  25  per  cent.  Each 
steering  engine  with  its  gear  weighs  5 J  to  6  tons  *  tw^o  sets 
are  carried*  If  each  steering  engine  were  replaced  by  one 
motor  capable  of  exerting  the  same  starting  torque,  the  full 
Joad  rating  of  each  motor  ou  continuous  work  might  Ix' 
taken  at  150  H*P*,  thovigh  \Vte  sVm-Uu^  c\\yk^\aV  ■^\Q^il^^ASi,^^xVl 
u:ortespoud  to  twice  this  power,    N^  AV  ^Vc\Vxc  ^v\n\v> 
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improvement  in  efficiency  might  be  expected.  The  extra 
weight  involved,  using  open-type  machines^  would  be  about 
two  tons  per  set* 

Capstans^ 

The  principal  capstan  is,  of  course,  the  for^vard  one, 
which  has  to  operate  the  heaviest  anchors.  Besides  other 
stipulations,  its  engines  (usually  duplex)  are  required  by  our 
Admirahy  to  lift  a  weight  of  35  tons  at  the  rate  of  25  feet 
per  minute  ^  60  actual  H.P,  The  maximum  LH*R  may 
be  taken  at  zoo,  and  the  weight  of  the  complete  capstan 
with  engines  and  gears  is  about  47  tons.  If  electric  motors 
were  substituted  for  the  steam  engines  with  the  same  gears 
this  weight  would  be  increased  by  about  two  tons.  But 
with  better  designed  worm  gears  the  work  could  be  done 
electrically  on  the  same  total  weight.  The  after  capstan 
performs  similar  but  lighter  work,  lifting  15  tons  at  25  feet 
per  minute  =  25  actual  H.P.,  say  75  LH,P, 

In  our  latest  ships,  while  the  forward  capstan  is  still 
steam -operated,  the  after  capstan  is  specified  to  be  driven 
by  two  reversible  watertight  motors,  performing  the  above 
specified  work  at  speeds  not  exceeding  750  revolutions  per 
minute,  and  so  designed  that  the  rise  in  temperature  after 
one  hour's  run  at  full  load  does  not  exceed  80°  F.  This 
change  involves  an  increase  of  total  weight  in  capstan, 
motors,  and  gear  of  from  one  to  two  tons. 

In  lieu  of  two  motors,  the  Admiralty  have  accepted  for 
the  **  Duncans  '*  and  other  ships  an  electric  capstan  driven 
by  one  50  H*R  motor  at  350  revolutions  per  minute,  the 
weight  of  the  complete  capstan  motor  and  gear  being 
approximately  the  same  as  that  of  the  steam  after  capstan  of 
H, M.S.  "Albion/' 

Fig,  30  shows  the  general  arrangement  of  the  electric 
capstan  of  H.M.S,  "  Irresistible  "  by  Messrs,  Clarke^  Chap- 
man &  Co. 

It  will  require  a  somewhat  protracted  experience  to 
determine  whether,  on  the  whole,  the  use  of  electric 
motors  for  capstans  proves  advantageous.  To  be  quite 
safe,  motors  should  be  used  with  a  large  marg^in  o{  ^i\vv.^, 
notwithstanding  the  increase  of  weight  "wwoVveA,  \^x  "^^ 
^rressv:^  involved  in  such  work  are  av^t  lo  t\sfc  ^VOcv  ^^aX 


to    bm   up 
nor  lo  tctiMiiifA  ifc 

df  cinmit.       Spccal 

10  meet  ^adb  a  cot* 

osuonu  Jwf.  zMCBd^ 
dealt  looie^liit  Mf 
with  thts  tnatter  41 
Dover^  so  It  is  ma* 
accessary  to  dwell 
fyrtli^'  upon  it  h£re> 
Neither  m  dii^ 
case  nor  in  thai  of 
the  steering  engines 
do  there  appear  to  be 
difficulties  incapable 
of  satisfacton*  solu* 
lion  electrically^  and 
in  these  cases  the 
longest  steam-pipes 
in  the  ship  are  con- 
cerned* 

Boat -HOISTING 
Engines, 

A  British    hatlle- 
,  .        s\\\^  c^mes  two  sets, 

(Clarke,  Clwrman  &  Co-V 
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I  such  power  tliat  each  set  can  lift  by  means  of  tackle  a 
f^at  weighing  i8  tons  at  not  le^s  than  20  feet  per  minute- 
his  is  a  favourable  case  for  electric  driving,  and  in  the 
test  British  ships  electric  motors  are  specified  for  the 
ork.  The  actual  net  H.P-  for  the  lift  is  approximately 
|,  and  as  the  motors  have  to  dri%'e  through  a  worm  gear 
and  a  wire-rope  tackle,  the  maximuin  input  may  be  taken 
it  about  50  E.H.P.  The  motors  are  specified  to  run  at  not 
more  than  750  revolutions  per  minute,  to  be  watertight,  and 
to  be  fitted  with  reversing  switches  and  automatic  brakes. 
The  rating  of  the  motors  is  determined  by  the  temperature 
limit  of  800  F",  rise  after  one  hour's  run  at  full  load  ;  which 


Kifi,  J I  >— Electric  Deck-winch,  U,S.S.  *•  Kearsarge  '  atid  **KLi>tucky'MGcncrar 
Electric  Co,  U.S.AI. 

enables  the  weight  of  the  total  equipment  to  be  about  the 
same  as  that  of  the  steam  hoist. 

An  electric  compound  deck-winch,  as  fitted  in  the  U,S, 

battleships  "  Kearsarge  "  and  **  Kentucky/'  is  illustrated  in 

Coal  Hoists. 

These  machines  (of  which  two  sets  are  carried)  are  of 
the  same  class  as  the  boat  hoists,  but  work  at  a  quicker  rate. 
The  latest  British  specitications  define  their  work  to  be 
the  lifting  of  1  ton  at  250  feet  per  minute,  but  on  test  the^ 
have  to  hit  i|  tans  at  this  rate.  On  the  tesV  Wad^iv^^  \va:*4^ 
to  exert  2$  iictiKii  HJ\,  and  thoujih  iVie  eftvcv^ncN  \\v^n  V^  -k 
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little  htgher  in  this  case  than  in  that  of  the  boat  hoists,  the 

total  input  will  be  40  to  50  E-H,P,  The  motors  tbcrrfoet 
may  wi;JI  be  af  ihc  same  histe ;  they  are  go^^cmcd  by  liit 
«ame  stpecilication  as  to  Icmpcrature  hniit,  control^  dc 
The  Wi'tghl  of  the  motors  ;uui  gears  will  f  v  be  a  it^ 

hundredweights  more  than  that  of  corrw  ^  .  ..Jing  ^cm 
hoists* 

Ash  Hoists, 

One  of  the^e  is  iiiiyally  fitted  to  each  boiler-room  ^  tli<: 
"Albion  "  carries  live.  Their  work  is  not  definitely  specified, 
but  mav  be  described  as  lifting  Wth  wire-rope  tactle  i* 
bucket  of  asli,  weighing  when  full  about  i|  cwU  at  from 
200  to  250  feet  per  rainute  —  i|  actual  H<P.,  the  maximum 
l.H.P.  of  the  steam  engines  being  about  5  on  a  weigtit  of 
14  cwL  Being  placed  on  the  boat  deck,  machines  of  ihi^ 
class  may  well  be  electric,  and  as  the  motors  will  ran  at 
higtier  ^peed  than  steam  engines  no  increase  of  \vejght  need 
be  involved, 

VENTlUiTING  FaKS 

are  employed  for  ventilating  all  compartments  below  the 
protective  deck  and  some  of  tlie  compartments  above  that 
deck,  such  as  mess  and  living  spaces.  The  general  practice 
up  to  1898  was  to  provide  six  5  ft.  6  in,  double-brea^led 
^eam  fans  on  lower  deck,  three  at  each  end  of  ship, 
driven  at  a  maximum  speed  of  about  400  revolutions  per 
minutCp  and  connected  together  to  main  ventilating  trunk^v 
besides  an  auxiliary  system  of  ventilation  with  one 
4  ft-  6  in,  fan  at  each  end  of  the  ship.  The  electric 
driving  of  ventilating  fans  is  now  common  m  most  navies. 
Fig<  32  show^  a  Sturtevant  fan  with  open- type  motor  as 
used  in  the  U.S.  Navy. 

In  a  few  recent  ships,  electric  fans  of  from  3  to  4  feci 
diameter  have  been  titted  taking  about  7  H,P.  at  600  to 
700  revolutions  per  minute,  the  same  number  (8)  being 
emplnyecl  and  connected  to  the  same  system  of  trunks  as 
designed  for  steam  fans*  Figs,  ^^^  34,  and  35  show  a 
J  ft,  9  in,  electric  fan  of  this  sort  designed  by  the  author 
and  fitted  in  the  l^.U,  **  ^\iW\%\\vm3Lr  *Ttv^:^^  l-a^^^  have 
bcai  adjusted  to  deliver  7,$^^  c\\\>vc  i^cV  o\  ^vt  ^^g\  vxvvev^y^ 
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each  at  2  inches  pressure  at  480  revolutions  per  minute,  at 
which  output  they  contiume  5  E.H.R  apiece,  but  their  speed 
and  output  can  be  increased  if  desired. 

Experience  has  shown  that  the  matter  of  ventilation  ha?* 
been   .somewhat  overdone  in   recent  years^  such  powerful 


Fig.  32.— Sturtcrviint  Blower,  with  General  Elttctric  O^/s  (U.S.A.)  Motor. 


fans  being  seldom  worked  at  their  full  speeds  and  powers. 
Accordingly^  in  the  latest  British  ships,  />.,  all   designed 
since  18981  a  larger  number  of  smaller  fans  with  shorter 
and  simpler  trunks  are  employed.    The   "TVuwc^'as;*    \^% 
exnmpky    mil    e^cb    carry  fourteen    ians    nol    ^xc^^^v^t 
24  inches  in  d/amcfer,    with    motors  ot    uboul   ^  '&,V^.V, 
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delivering  1,500  cubic  feet  of  air  per  minute  at  2  inches 

pressure. 

Air  Compressors  for  Torpedo  Work. 

A  modern  Hrst-class  battleship  carrier*  usually  Jour  sets» 
each  capable  of  dehvering  30  feet  of  air  compressed  to 
1,700  lbs,  per  square  nich  in  70  minutes.  This  involves 
an  average  B^H.P,  of  about  50  to  60  per  Jset  of  pumps  on  a 
little  less  than  3  tons  weighL  Electric  compressors  would 
involve  quite  a  different  design,  but  would  result  in  much 
quieter  and  smoother  working.  The  weight  would  remain 
approximately  I  lie  same* 

Workshop  Engine. 

This  is  a  small  engine  of  about  5  H,R^  driving  one  or 
two  short  lines  of  shafting  actuating  half  a  dozen  macJiiric 
tools  in  the  engineers*  workshop.  It  is  an  obvious  case  ii) 
which  electric  driving  is  handier  than  anything  else* 


Grx^uoKKixG  Mechanism, 

A  modern  battleship,  mounting  two  pairs  of  large  guns 
at  barbetkf  carries  quite  a  nest  of  machinery  for  working 
the  guns.  There  are  engines  for  training  the  turret,  inde- 
pendent engines  for  each  gun  for  elevating  and  depressing 
and  for  running  in  and  out,  rammers  for  loading,  hoists  fur 
bringing  up  powder  and  shell  from  the  magazines  below, 
besides  lifting  and  traversing  gear  for  transporting  shot 
and  shell  from  the  bins  in  the  shell-rooms  to  the  handmg- 
up  cage.  Some  of  the  machines  are  duplicated  and 
some  triplicated,  and  there  are  always  in  conjunction 
hand-gears  for  continuing  the  work  if  the  mechanism  fails,* 
In  a  ship  carrying  hydraulic  mauntings  the  power  1^ 
supplied  by  a  steam-hydraulic  pumping  engine  of  about 
250  I.H.P.-  situated  below  and  adjacent  to  the  Imrbettc- 
A  pump  in  the  barbette  itself  is  used  for  cifculalini; 
the  water    m  the    pipes  under   pressure    for    use  over  and 

'  nlustrated  descrip Lions  af  iht;  tuirels  and   ^uu-iinmnUngsi  til    sfin^il 
British  and  foreign   ships  arc  given   En   a  paper  entiUed  **Thc  Ui^t  wd 
Progress  of  RiHtd  K'AvaV  Av^Wkrv,"  by  Sir  Andrew  Nobk,  K,C.B..  F.RS. 
(Pm,  Imt.  hi  aval  .-IrchikUs,  l*i]^)^. 
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SiirhJ-.  .•••        ..••:.-    '-i  «•      :••   •    •;-::. lIi   Turret-,  had  \\\i> 

lti?:*i      !.. I. ..••'{    •         !'i:ii     .i::'l    \\\"    1 'V    clcctricitv,    which 

l.iv«)iiM-.l    .1    t\r.'t\    •  <.iniMi :  •»ii.       Th^-    electric    turrets    .irc 

.ml  t«'  h.i\''  !>''ii     i.iitrrl  ;ui'l   -t.ippe'l  thirty-seven  tinic^  in 

I    minuir  .iii'l    t'»   h.i   '•   hr«ii  (  ;i}.;il)le  "f  \ery  small  motions 

ii    I  iinir.      Mh     im  •  r    .  oi    ilir  rl.rt!  !c   m(>l(>r>  in  the  first 

!ij.     lev!   tn   lh(  II    I  \liii(li«l   M-.«"   HI   Liter  shipN.  and  in  the 

\.  n».iii;c"'  and  **  Krntiii  k\\"   nut  uu-velv  are  the  turrets 
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hoists  and  nimmers  worked  by  electric  motors.  At  the 
present  time  there  seem^  to  be  a  re\aitsioo  of  feeling  against 
electric  installations.  Lieutenant  Norton  (speaking  ap- 
parently on  behalf  of  the  American  constructors^  said » 
that  in  the  new  large  triple  screw  ships  being  designed  for 
the  United  States  Naxy  it  has  been  decided  not  to  use  elec- 
trical power  in  the  turrets  except  for  the  hoist,  for  the 
reason  that  **you  can  tell  what  is  the  matter  with  a  steam 
or  hydraulic  engine  instantly ;  hut  you  may  chase  for  hours 
to  find  a  broken  circuit,  and  by  that  time  the  action  is  over 
and  you  are  out  of  the  deal."  To  understand  this  remark 
the  difference  in  the  character  of  American  and  English 
installations  must  be  borne  in  mind. 

For  controlling  turrets  the  Americans  use  an  ingenious 
method  devised  by  Mn  Ward  I^onard^  which  may  be  fit- 
tingly mentioned  here.  In  the  turret  is  a  motor  (or  a  pair 
of  motors  in  parallel)  separately  excited  at  constant  voltage  ; 
its  armature  is  directly  connected  with  that  of  a  generator 
in  the  dynamo-room  which  is  steam  driven  at  constant 
speed  in  a  field  of  which  the  excitation  can  be  varied  from 
maximum  to  zero,  re\*ersed  and  increased  to  a  negative 
maximum.  The  voltage  of  the  generator  accordingly  varies 
as  its  field  \^ries,  and  the  motor  armature  receiving  this 
varj^ing  voltage  while  its  field  remains  constant,  its  speed 
will  vary  in  a  corresponding  manner.  The  regulation  of 
the  generator  field  is  effected  from  a  controller  under  the 
sighting-hood  in  the  turret.  The  control  is  said  to  be 
extremely  sensitive  and  precise.  Retardation  is  effected 
with  smoothness  and  rapidity  by  dropping  the  excitation 
of  the  generator  to  a  point  which  gives  a  voltage  below  that 
corresponding  to  the  speed  at  which  the  motor  is  at  the 
instant  moving ;  the  latter  immediately  begins  to  generate 
current,  and  therefore  quickly  absorbs  the  kinetic  energy 
of  the  turret.  In  the  latest  ships  the  current  so  generated 
is  taken  up  on  a  braking  resistance* 

Most  nations  are  now  employing  electricity  to  greater  or 
less  extent  in  turrets*  Even  Sweden  is  building  cruisers 
in  which  the  working  of  the  turrets  and  guns  is  entirely 
electric.     Among  the  best  examples  of  electric  turrets  are 


'  Discussion  on  Admiral  MeK'illc'^  paper^  "  TV\e  lxig,vca\  ktT-xwt^trofcvA  «^ 
the  Muiive  Power  of  VVaf:^hipA,"  Iiist.  N.  A,,  Maxcb,  \^^^ 


:c  H.P.  X  • 


r'rTtj  dear  Aat  Ife 
l-r  :c-i  ris-rcS  designed 

-'"   t"    r^J^XSeS-      If  Ac 

"^  ^  :  '-  p»>wtT,  mi^t. 

.-  -~r.  yirig  ciectrici! 

-.  r-  ir.i  ^tnrnglfa  x-c 

:.    r.  . :  rii-  turret  wiic.i 

r  -hilr  ruming ;  tu:. 

:hr  i^^re^te  power. 

r    :  :hc  crder  ot  loc 

.-r.:  ur.ier  wt.^rsr  con- 

._:::  :::  :i:>:or  c.ipacit} 

-.  r-lr.  :hc  motors  with 

..  i  Ccrrainly  show 

•'J  A^^rv^ate  weight:^ 

.   \:-.:".c  :hc   weight  oi 

>  :.>-:• »:!  pipe*   about 

vci^h:  .»f  the  electric 


A-::-: 


■\   H.>T> 


I  /'  -.'::•.;:  ^  !;i'.  '.-:: —  ;:.  :  -....i...r  ^.::.-  .i:r  ::i  use  m  niaiiv 
:*  1 /;•;  .  1  h':  "  P  /..-.::  :.  i..  .  ••  I  »..i.:v::i  \.'ia>^o  of  cnu^^crs 
.^.  '.:  !::!'-l  v.:t!i  tiiv::..  :  .;•  the  i;^-.:"  E:u^-:5  -hip>  arc  titled 
oiilv  AiiJi  liaiiH  .^..-ur^,  I:,  :i.,^-  I:;::.^;:  >:.;:•.- aiul  Japanese 
.]i\\i.  \]u:y  iii>:  iHiialiy  f.iimrl.     Th,-  aj-p.ir  iV-i-  Cf»ii>isl-;  of  a 


•  .Sir'»"l.uli;<l  «l.:-.iriY.l\«  u    lu  Kn^tnuii 


.  .-...•.*».>.  V>^\%. 


'J5 


5 


o 

> 


'J 


J 


:;*tjons. 


inoo: 


SHIPS   OK  WAR 


A 


r 


s 


He 


Fi 


=^ 


T  L9EW   FOWNDATIONS. 


i 


z 
> 
i 
0 
z 
i 

X 

o 


I. 


5 


c 

55 


C 

£ 

I 


X 


i 


r/M\  (;K0VE:    KLECTKICAL   EQl'IPMEXT   OF        :  April  5di. 

quick-runnin){  motor  of  2  to  5  H.P.  geared  in  some  way 
\i}  a  \\\!}\i  whip  or  chain  tackle  for  Hfting  small  parcels  of 
shot  and  sJiell  at  high  speed.  The  motors  must  be  so 
controlled  that  they  start,  stop,  and  reverse  very  quickly, 
with  aut(Hnatic  brakes  to  hold  them  as  soon  as  the  current 
is  switchcfl  off,  or  else  the  motions  must  be  eflFected  by 
clutch  gears  thrown  in  and  out  of  connection  with  a  con- 
tinuously miming  motor.  The  latter  arrangement  is  used 
by  Messrs.  Armstrongs  with  friction  gears.  Fig.  36  shows 
\\\i'  arrantjcmcnt  in  plan.  The  motor  shaft  being  in  rotation, 
a  virrtital  lever  acting  at  ()  along  the  axis  of  the  shaft  puts 
cither  of  the  speefl  cones  A  or  B  into  gear  with  C,  thus  driv- 
ing sprocket  wheel  \Vi,  over  which  an  endless  chain  runs, 
passing  alsr)  over  a  fixed  sheave  at  the  top  of  the  hoist.  The 
cones  A  and  H  being  out  of  gear,  and  therefore  running 
flee,  the  cartridges  or  projectiles  in  a  bag  are  hooked  on  to 
the  chain  at  the  bottom,  the  friction  gear  brought  into 
action,  and  the  ammunition  rapidly  hoisted.  Then,  while 
this  bag  is  being  unhooked  at  the  top,  another  round  is 
being  hooked  on  the  other  side  of  the  chain  at  the  bottom, 
th(!  cone  gears  are  reversed,  and  the  second  charge  hoisted, 
and  so  on.  There  is  an  automatic  arrangement  for  throwing 
tlu!  cones  out  of  gear  at  the  right  time  for  each  lift  ;  there 
is  an  alternative  hand  gear  working  through  the  sprocket 
wheel  \V2,  with  arrangements  for  preventing  both  the  hand 
and  power  gears  being  in  operation  at  once,  and  other 
details  not  shown  in  the  sketch. 

Summing  up  the  power  requirements  enumerated  in  the 
foregoing  paragraphs  we  get — 
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Total  Motor 
Capacity 
hiatal  led  J 
including 

Duplicates. 

40 
roo 
200 
400 

120 

50 
100 
100 

20 

5 
200 

^00 


Maxim  un\ 
demand  for 

Power, 
Duplicates 
excluded. 

KHP. 

40 
100 

200 

200 
120 

5^ 
100 
100 

20 

5 
100 

300 


Totals 


1,885 


5^ 


Ship  ventnating  fans 

Engine-  and  hoiler-rooni  fans  .., 

■    Furnnce  air-blnwing  engines    ... 
Steering  engines  ... 
Forward  capstan  

I  After  „  

Boat  hoists 
Coal  hoists 
Ash  hoists 
Workshop  engine 
Air  conipresKors  ... 
Turret  motors 
Amnninition  hoists  for  6*inch  and 
smaller  euns    ... 

If  these  figures  err,  they  err  on  the  large  side.  In 
working  ont  detail s,  savings  both  in  power  and  weight 
could  probably  be  effected. 

There   are  no  conceivable  circumstances  in  which  the 

^whole  of  these  machines  could  work  simultaneously.     The 

orst  conceivable  case  supposes  that  in  time  of  action  all 

the    gun-working    machinery,    air     compressors,    furnace 

^engines,  ash  hoists,  ventilating  fans,  and  steering   engine 

ould  be  at  work  together. 

Then  the  aggregate  horse*power  demanded  would  be^ 

according  to  the  above  figures,  1,015  E,H*P.  input  to  motors 

=^  760  kilowatts.    The  hghting  of  the  ship  would  involve 

50  kilowatts,  and  the  searchlights — ^if  it  be  conceivable  that 

all    this   mechanism   ctjuld   be   employed    at    night    when 

search hghts  were  wanted — a   further  50   or  60   kilowatts. 

But,  taking  int(i  account  the  fluctuating  demands  of  current 

^inade  hy  the  motors,  and  the  fact  that  it  is  hardly  physically 

^■lossible'for  everything  to  be  working  at  the  top  of  its  load 

^Kt  precisely  the  same  instant,  about  600  k\\o\NU\Xs  qvxV^xsX 

^mtrouJd  meet  all  requiremaits  and  cover  disXr\\>\\V\v\^  Xo'^'^k^*^^ 
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a  commutator  on  one  end  and  thrt^e-phiise  currents  from 
collecting  rings  al  the  other  etid  of  the  armature. 

(b)  The  question  of  the  voltage  standard  is  of  greater 
difficulty.  800  kilowatts  at  80  volts  means  10,000  amperes 
to  distribute,  wliicli  represents  a  very  formidable  amount  of 
cable  work.  If  the  pressure  were  doubled,  the  currents 
would  be  at  once  reduced  to  5,000  amperes  and  the  saving  in 
weight  and  cost  of  cables  would  be  maleriaL  The  United 
States  battleships  "Kearsarge"  and  "Kentucky*'  are  wired 
on  the  three- wire  system  with  160  volts  between  the  outers. 
The  motors  are  in  general  arranged  on  the  160-volt  mains, 
though  a  connection  is  usually  taken  from  the  middle  wire 
to  provide  for  changes  of  speed  by  switching  the  motor  on 
to  the  low-vottage  mains.  Searchlights  and  incandescent 
lamps  are  arranged  on  either  side  of  the  system  to  make  an 
approximate  balance,  as  is  usuaU  The  results  of  experience 
in  these  ships  will  be  watched  with  great  interest.  The 
:nithor  is  a  little  diftident  as  to  tlie  introduction  of  a  three- 
wire  system  on  board  ship,  and  would  rather  prefer  a  direct 
circuit  of  160  volts  for  botli  lamps  and  motors.  Indeed^ 
having  got  so  far,  one  might  as  well  accept  the  aoo-volt 
standard  at  once*  Searchlights  in  such  an  installation  could 
be  operated  with  very  little  complication  through  "series- 
parallel"  switches,  which,  in  the  one  position,  would  put  two 
searchlights  in  series,  and  in  the  other  position  put  each 

-earch light  on  separate  circuit  on  the  mains,  with  the  addi- 
tion of  a  resistance  capable  of  absorbing  the  remaining  volts* 
With  automatic  lamps,  this  should  be  quite  feasible,  and  any 
difficulty  attending  the  use  of  so  large  a  resistance  as  would 

■eguhite  the  arc  down  from  160  or  200  volts  would  probably 
less  than  the  difficulty  of  maintaining  a  balance  of  voltage 
on  the  two  sides  of  the  three-wire  system  when  the  search- 
lights worked  intermittently^  if  that  system  were  used.  Of 
course  the  use  of  200  or  even   160  volts  generally  would 

mpose  a  greater  strain  on  the  insulation  of  the  cables  and 
fittings  than  is  now  experienced,  and  would  require  some 
improvements  in  the  design  of  fittings  established ;  but 
there  are  no  serious  difKculties  here.' 

instea<l   of    the   Tree   system   uf   wiring   a^   at   present 

Bttween  I  he  d;»tcs  0/  piintjuij  ahd  of  reading  Ihe  p*vt\  A\\t  Kte\\v^V^ 
i*wcrf  it  trinufur  to  thv  tikct  I  hat  ico-vull  dyivamos  ^uvAdVu  \i^t^  \\\v\t*<s^  ^^ 
►  xaliii  hi  fuiarc  ^bipa,  hvginnmg  with  luitic  \ald  dowf^  '\t\  x^Kfi. 
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substitution  of  electricity  for  steam  for  all  the  auxiliary 
services^  would  result  in  the  savnng  of  262  tons  of  coal  for 
every  25  days'  steauiing.  This  figure  was  calculated  upon 
data  assumed  to  represent  the  best  j>cjssible  conditions. 
Some  of  the  engine-  and  boiler-room  pumps  have  been 
assumed  to  remain  steam-driven,  but  if  electric  driving  be 
applied  lo  the  services  enumerated  and  if  utily  one-half  or 
one-third  of  that  estimated  siiving  were  realised, there  would 
still  exist  a  strong  primd  facie  case  for  the  adoption  of  elec- 
trical power. 

The  weight  of  generators  might  be  materially  diminished 
by  the  employment  of  single-acting  engines  driving  dynamos 
at  higher  speed,  and  still  more  by  the  adoption  of  turbine- 
driven  setsj^the  weight  of  the  units  mentioned  could  he 
done  with  Parsons  turT^o-generators,  including  condensers 
for  abont  60  tons.  Single-acting  engines  and  turbines 
have  both  been  used  in  the  Navy  ;  unfortunately  both  have 
failed^  and,  as  a  consequence,  both  are  at  present  looked 
somewhat  askance  at  for  the  purpose.  They  require  dry 
steam  :  hence  one  of  the  principal  sources  of  difficulty  m 
the  old  arrangement,  but  one  that  should  not  occasion  much 
trouble  in  the  new.  This  consideration,  coupled  with  the 
very  great  improvements  that  have  been  made  in  both  since 
the  days  when  they  were  used  in  the  navy,  may  bring  them 
into  service  agam* 

The  space  required  for  the  generators  for  the  power 
mentioned  would  lie  between  800  and  1,000  square  feet, 
whichever  of  the  three  systems  be  adopted.  It  is  not  easy 
to  find  this  room  in  an  existing  battleship  ;  but  on  the 
hypothesis,  the  main  hydraulic  engines  would  not  be  wanted, 
and  the  space  occupied  by  these  two  rooms  would  be  avaii- 
able*  If  in  consequence  of  savings  on  account  of  etHicicncy 
less  coal  were  carried,  though  a  saving  of  weight  would  be 
appreciated  J  little  space  would  be  added  for  the  purpose  of 
generators*  Possibly  the  change  to  electric  driving  might 
be  carried  out  in  conjunction  with  some  other  change  in 
the  disposition  of  the  materiel  in  the  ship.  For  example  : 
there  are  not  wanting  critics  who  consider  tha(  it  is  out  of 
place  in  these  days  for  ships  of  the  fighting  line  to  carry 
torpedoes*  Sliould  such  a  view  obtain  ofticial  support,  a 
room  equivalent  to  one  of  the  existing  submerged  torpedo 
^oms  would  make  an  ideal  generating  station.     \ls  \ocaVv\^ 
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would  bo,  for  preference,  imniedialely  adjoining  the  forward 
boiler-room  bulkliead,  so  that  the  steam  connections  might 
be  short  and  direct. 

The  ekcti  ical  equipment  of  ships  of  war  is  the  product 
of  many  hands  and  brains.  Naval  authorities  do  not 
a>  a  rule  desi^^n  -they  formulate  requirements,  and  the 
eniLjineerin^  experience  of  the  country  is  laid  under 
tribute  to  meet  tlu^se  requirements.  Hence  it  comes 
about  that  much  of  the  apparatus  employed  is  of  a  pro- 
prietary kind,  and  the  author  has  to  acknowledge  the  kind- 
ness of  many  firms  and  friends  who  have  allowed  him  to 
describe  their  apparatus  and  inventions.  These  have  already 
been  mentioned  by  name  in  the  paper.  He  is  also  under 
obligations  of  a  more  general  kind,  and  is  pleased  to 
acknowledge  here  his  indebtedness  to  the  Lords  of  Her 
Majesty's  Admiralty  for  permission  to  describe  parts  of  the 
equipmentof  H. M.S. "Albion"  and  to  make  various  references 
to  Admir.ilty  specifications  ;  to  the  Naval  Attache  of  the 
Imperial  Japanese  Embassy,  for  permission  to  refer  to  the 
equipment  of  the  battleships  recently  built  in  this  country 
for  the  Japanese  Government  ;  to  the  General  Electric 
Company  of  Schenectady,  T.S.A.,  for  the  photographs 
illustrating  American  apparatus ;  to  Messrs.  Sir  \V.  G. 
Armstrong,  Whitworth  ^  Co.,  Ltd.,  for  permission  to  include 
particulars  relating  to  the  electrical  side  of  their  naval 
ordnance  work  ;  and  to  the  Directors  of  the  Thames  Iron 
Works  Shipbuilding  and  Engineering  Co.,  Ltd.,  for  per- 
mission to  make  general  use  of  the  information  in  their 
possession. 

cS'"  Captain   K.  \V.  Ckkak,  K.X.  :  The  only  question    I  should   like  to 

refer  to  with  re*^^ircl  to  thi>^  paper  i>  that  of  the  wiring  affecting*  the 
compasses.  I  know  of  Imt  one  occasion  on  which  the  wiriri^  \yA< 
ever  affected  the  compasses,  wlien  in  a  projector  the  two  arms 
which  chvide  the  wires  had  tlie  current  passing  up  one  arm  and 
returninf^  down  the  other  :  the  consequence  was  that  when  the  pro- 
jector  was  turned  in  one  direction  we  had  an  error  of  2^  that  way,  and 
w]\en  it  turned  the  otlier  way  we  liad  2"  in  the  oH^cr  direction.  The 
error  was  [^evented  by  leading,'  both  the  wires  up  (inl^aTTWyrtjiJiil^"^ 
the  rule  that  no  projector  should  be  biou^ht  witlnn  (j  Ul{  of  the^'^^ 
passes.  There  are  two  sources  of  disturbance,  one  of  which  is  the  w"  • 
(but  I  do  not  think  it  has  ever  been  bnni^ht  home  \(^  tln-m).  the  oth*^ 
and  chief  sinner,  is  the  dymino.     I  have  been  a^kiiL,-  the  desia,u.rs  1 
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give  US  n  dynamo  which  shall  not  have  an  external  iictd.  Those  we  Captain 
iKive  hithLTto  used  in  the  Nav\\  iinlil  muhi-pohir  m;ichines  were  intro- 
duced, hiive  beeiT,  as  regards  waste  lines  of  force,  liad — the  early  ones 
very  bad  indeed,  expending  much  energy  which  might  be  used  for 
ligbinit:  llu'  ship.  When  the  armour-plated  dynamo  was  introduced 
wc  iverc  lold  that,  at  lo  feet,  wc  should  rsot  get  any  disturbancCp  but 
at  this  distance  we  had  a  dertection  of  60^*,  although  at  53  feet  we 
hardly  fult  it  In  this  case  it  was  in  a  line  with  the  shafting  that  wc 
got  the  disturbance.  In  another  position,  abreast,  at  a  distance  of 
38  feet,  We  still  had  an  error  of  aj"^.  The  wiring  has  been  the  subject 
of  t"xpt*rimcnt  for  many  years  past.  Insulated  returns  are  used,  and 
in  L-arly  days  it  was  determinetl  that  the  lead  and  return  should  always 
he  coupled  together — indeed,  you  will  find  no  ship  except  the  Potyj>hemus 
ill  which  this  practice  has  been  departed  from- 

To  illustrate  tlie  possibilities  of  error  that  may  occur,  I  may  mention 
an  instance  in  which  an  officer  had  a  twin  lead  for  lighting  his  com- 
pass in  the  bimmcle.  The  twin  lead  carried  away.  He  then  put  in 
two  wires  but  did  not  couple  them  together.  There  was  then  a  dis- 
turbance of  4".  He  searched  all  over  the  ship  for  ttie  cause  of  the 
disturbance  till  I  Itappened  lo  go  on  board,  wlien  1  found  IIk-  lead  and 
return  wires  were  lying  loose  in  the  binnacle  :  sometiraes  coming  close 
to  the  card  and  sometimes  away  from  it  I 

Mr.  S,  EvERSHfeD  :  Mr.  Grove's  paper  appears  to  be  one  of  great  Mr. 
value  from  two  points  of  view.  It  gives  a  good  account  of  the 
transitional  position  of  the  use  of  electricity  in  the  Nav}%  and  that 
account  is  necessarily  interesting  to  us  as  electrical  engineers.  But  I 
venture  to  think  it  is  also  of  interest  to  us  as  Knglishmen.  We  are  glad 
to  see  that  our  own  Navy  is  not  so  far  behind  the  Navies  of  the  rest  ot 
the  world.  There  is  a  prevalent  idea  that  in  the  British  Na\y  every 
liovelty  is  opposed  as  a  matter  of  course^  but  those  who  have  had  any- 
thing lo  do  with  introducing  novelties  into  our  Navy  know  that  this  is 
not  always  tlie  case*  A  noveky,  it  is  true,  has  to  pass  the  ordeal  of  the 
three  great  branches  into  which  the  adininii^iTation  of  the  Navy  is  divided 
— first ^  the  general  administrative  branch,  then  the  constructive  branch 
(including  all  tlie  departments  concerned  in  designing,  building,  and 
arming  our  warships),  and  tinally,  when  it  has  got  through  these 
two  it  goes  to  sea  and  meets  with  the  executive  branch.  You  might 
call  those  branches,  for  short,  the  obstructive*  the  consjtructivc^  and  the 
destructive*  i  do  not  use  the  term  "  destructive "  in  a  derogatory 
sense  ;  in  time  of  war  it  is  the  business  of  the  naval  man  to  destroy  the 
enemy's  fleet,  and  in  times  of  peace  he  destroys  a  few  other  things. 

In  regard  lo  magnetic  leakage  from  the  dynamos,  to  which  Captain 
Creak  has  referred,  I  w^as  aware  some  years  ago  that  it  was  proposed 
to  Iry  iron-clad  dynamos,  and  1  felt  perfectly  certain  it  would  be  a 
failure*  I  ventured  to  put  my  views  before  the  Admiralty  in  an  un- 
ufFicial  w^ay,  but  I  do  not  think  I  hey  had  very  nmch  effect.  It  was  felt 
that  this  form  of  d3*namo  ought  to  be  tried*  and  it  w;is  tried.  I  am 
not  at  all  surprised  to  hear  that  it  only  diminished  the  compass  error 
by  about  a  half.  The  reason  is  that,  although  you  can  to  some  extent 
.^lop   leakage  from   the  pole- pieces  of  a  dynamo,  yoy.  c»xi  ut'^irt  ^ex 
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mli«ty  rid  ol  the  rScct  «tf  !hc  fietd-coi!  by  ptstttni;  iron  rcnm 
When  yoQ  want  la  shk^d  a  p1;ice  from  magDrTic  inAuence^  you  i 
pyi  tli<r  Mcid  TmxmA  the  Uiing  itiscir  Ttic  i?ofopa?ai«^  Gtimofl 
^htdd«(S.  and  jroit  cannot  previ-nt  I  he  company  hcjng  dbtiirbd 
puuing  an  inm  ^i«*kl  rocmd  (iic  ficSd-coti  By  iiUrodiicJiig  loifr- 
d>iuiiim.  !hc  ^  foimd  the  true  waiy  ont  d  fhcr  diftc 

hccau*c  they  i  v  dyiL*imo  s&Ntatic. 

It  I*,  clear  Jrom  Mr,  I  trove**  paper,  ih^t  in  re^^i-ftt  lo  ttji'  ;ipplicAl 
of  ekctricilyt  w;ir?4iip*  iirv  in  a  TrauMttoii^l  sUgy,  dtid  the  ni-^i 
ycai>  will  MM?  *n  enormoii?.  difference  m  I  he  manner  in  which  d< 
work  t^  carried  out  L*n  board  »hip.    At  present,  on  e%aininmg  a  ^„. 
from  the  ciectrical  eogineer^ii  point  of  view*  one  is  strucic   with 
rather  casual    ekctricuil    armnge mentis     All    the    dynanio<.,    c 
trahles,  and  appliances  general! v.  arc  ni   the  lx:st   fM>xsit>lc  uttal 
the  manner  in  which  tlitv  iirv  put   iiUt>  the   ^hips  rather   snj^^esk- 
the  whuk  of  the  elect rical  .scheme  was  of  the  nature  of  an  aller^thoi: 
I  think  that  Mr  GroveS  ^u^estion  uf  a  power  .station  on   ho.trd  < 
ve^i^i,  or,  at  all  events,  each  |Tr?.t*clas>  cruiMrr  and  firsit-cla^  battles 
i*  the  rijght  one.     In  ;i  few  ycar^  time  we  shall  s^*e  n  position  ffw 
central  electrical!  power  station  carefully  designed  and   put  into 
right  part  o(  the  ship  niider  the  protective  deck. 

Mr  tirovc  very  trnly  ^hiys  thai  the  development  of  the  vvarsli- 
been  the  product  of  many  miii<l&  and  of  many  men  s  w^ork.     M 
I  lie  novelties  which  have  !>et!n  introduced  have  been  intrixlucc^ti  t 
the  outside,  and  my  own  part  in  the  work  hits  tx-en  in  the  direc 
of  e^tabUshing  various  commnrrications  on  board  ship.     ThtTC  an 
Mr*  Grove  points  out,  several  means  of  communication*     I  can  con 
what  Mr  f  jrove  *»ays  a:?  to  the  unsiatisf acton'  nature  of  voioe-pipe 
speaking-tubeit.     It  is  almost  impossible  in  many  parts  of  I  he  shi; 
make  any  use  of  these  pipes.     They  exist,  hut  no  one  who  has  no 
cnnrmuuslv  powerful  voice  CiUi  make  himself  heard,  and  tfic  n 
I  he   other   end   can   very  rarely  ttcar   at   all    unless  there   is  at 
tjnict  prevailing     To  take  an  example  ;  from  the  litkr  conipartji 
yon  may  try  and  communicate  with  the  forc-hndge.     t  have  on  ni 
occasions  had  a  bluejacket  lo  speak  fur  me,  ;md  he  h;i-s  endeavourei 
comtnuBicatc  and  has  tailed.     He  has  failed  simply  tK'-cause  lie  c( 
not  hear  the  reply,  there  being  so  much  noise  l>elow  even  w^hen 
ship  Wiis  iti  dock  :  there  is  the  noise  of  aiisciliar^-  engines,  or  the  steci 
rngine  may  be  at  work*  and  anything  of  that  kind  completely  prev( 
any  one  from  hearing.     Thelond-spcaking  telephone  will  be  a  v;^i 
iinprovcnient  on  the  voice*  pipe,  because  it   will  ken  able  a  man 
heard  a!niosl  as  clearly  as  though  he  were  standing  lie  side  one. 

In  addition  to  the  vmce-pipcH  tni   board  a  warship  there    are 
coitrse*  vario^is  telegraphs  ;  ;is    hU\  Grove    has  dcsi!ril>cd,   there 
iustrument*  indicatrng  the  position  of  the  helm  at  various  parts  of 
s.hip,  others  for  telegraphing  to  the  engine-rooms  die  number  of  rev< 
lions  per  minute,  and  others,  again,  for  signalling  the  range  of  the  er 
urtd  so  on.     On  the  table  are  some  electrical  means  of  doing  all 
f /nntfs.     Ro\igbh'  spcakvnp,,  \\\^  e\ecU\c'A  v\\c\\ic\^  ^  ^ii>mmvvtvWAti*>ii 
ship,  for  these  pmi^Q^^»  ma>y  be  ^ ^^^^  w^W  V^^a>ai^^ ^4a^ 
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there  h  the  apparatus  which  contains  a  ^ood  deal  of  mechanism  and  is  ^^^^^^^ 
worktfd  by  a  vcr^"  small  amount  of  elfctricit\%  and  Ihere  is,  secondly, 
an  apparatus  which  takcii  a  good  deal  more  electricity,  hut  contains 
practically    no    mcchamsm.     The  apparatus  which    Mr.   Grove   has 
described  shortJy  on  page  564,  and  which  was  developed  by  Mr.  Richards 
and  myself  some  years  ago,  belongs  to  the  second  class.     It  consists 
practically  of  a  very  powerful  ohm-incter.   The  handle  which  forms  the 
transmitting  lu-rangenient   simply  alters  the  resistance   in  the  circuit. 
There  is  nothing  to  get  out  of  order,  and  the  only  moving  part  of  tiie 
indicator  is  the  needle,  of  which  there  is  a  skctcli  on  page  565,     On  the 
same  page  is  a  skeleton  drawing  showing  the  construction  of  the  ohm- 
meter.    This  apparatus  can  be  worked  at  any  desired  speed,  whereas^ 
apparatus  of  the  kind  which  contains  a  good  deaJ  of  niechanism  and 
uses  a  very  small  amount   0/  electricity  requires  the  introduction  of 
various   devices  in   order  to  prevent  people  working  it  loo  quickly, 
Nothing   can    make   the   ohm -meter  arrangement    get   out    of   order. 
These  instriimenis  have   been  employed  for   the  last  eight  years  on 
some  of  the  ships*  and  so  far  not  only  have  we  had  no  failure^  but  we 
have  h.Ml  no  repairs  and  no  adverse  reports*of  any  kind  whatever.    On 
one  ship,  the  Nardsatin,  the  apparatus  was  used  while  the  ship  served 
two  three-year  commissions  on  the  China  station,  and  on  the  return  to 
Portsmouth  the  apparatus  was  practically  as  good  as  new.    There  is 
on  the  table  another  apparatus,  substantially  the  same  as  the  engine- 
rtH>m    telegraph,   which   provides    a    means    for    communicating    to 
llic   bridge    the    angle    at   which   the    rudder    is    placed.    The    last 
appamius,  to  which  n^fciicnce  is  made  and  which  is  not  yet  introduced, 
is  for  stgnalJing  either  to  the  engine-room  the  revolutions  per  minute 
which  the  engines  are  to  make,  or  to  the  guns  the  range  or  any  other 
iignrc  which  the  gunners  require  to  know.    The  instrument  on  the 
table  is  titled  up  as  a  revolutions  telegraph.    The  indicator  contains  as 
aiany  ohm*meters  as  there  are  signals,  but  they  are  all  coupled  in  scries 
so  that  they  only  require  one  four- core  cable  to  work  on.     The  instru- 
ment IS  read  in  the  same  manner  as  a  thermometer,  and  the  number 
of  distinct  signals,  or  digits  in  a  number,  which  can  be  shown  on  the  dial 
is  practically  unlimited. 

Mr.  R.  E,  Ckomptpx  :  Although  I  understand  there  are  several  Mr. 
oflficials  connected  with  the  Admiralty  now  present^  I  wmU  take  the  risk  ™'"'^  ^" 
of  doing  as  I  did  seven  or  eight  years  ago  when  a  paper  on  the  same 
suliject  was  read  before  the  Institution  of  Mechanical  Engineers  at 
tlieir  Portsmouth  meeting,  and  that  is  to  take  the  opportunity  of  criticis- 
ing somewhat  j^verely  the  Admiralty  proceedings  in  regard  to  employ- 
ing electricity  in  the  navy. 

t  have  been  informed  by  Sir  William  White  that  my  Portsnionth 
remarks  were  of  some  service^  and  there  is  no  doubt  that  some  improve* 
ment  hits  taken  place,  bid  much  more  might  l>c  done  if  the  Admiralty 
treated  modcnx  electrical  developmeutsina  serious  spin  I  and  appointed 
a  slatf  of  electrical  engineers  of  standing  and  experience  to  advise 
them  and  to  work  out  for  them  the  difficult  problems  \\\a\  ^tv^sft  wsXvil 
the  complicatefJ  4irnmgc[nctjt  of  modern  battVes,\V\ps.  \  \\\vwV  "Vlx, 
iMnn-i.'  s  p;ipvr  L^  a  vuhmNv  one.     He  has  laid  before  vis  \u  ^  coi\vw\^wV 


Ilk 

arc  m  torn 

ttt*  iliijiilifj  mri»ii|teteTe>*bort4oo^i 
s^-te.  pro^acior  tin*  loot  hsm^h  sboold  aot 


ixaJ  ^uiKns  mud  wtli 
udi  this  form  ol  Iv^t 
rror ;  for  tbc  Admi:  .i? 
ceed  12  inclies.     W 
the  loog  i7'iB-  foci»  minor  emupkifcd  br  tbc  AdattiaJty  the  shad^  v^ 
Uie  iii|piil»e  €MbtM  n  an  brgc  tint  a  considerahle  pcrccatage  <  f  - 
ceoli^  ol  die  tBMTOr  l>  BAclesi^,    The  f«»it  is  tbal  thebcam  projL  ^ 
li  not  iolid  but  tuiftilar.    AQ  this  has  been  loxnni  to  foreign  Goi-crn 
oiettU  afKl  lo  our  War  OHioe,  who  bMvc  loog  sanec  ad0pt<?d  the  tior> 
KonUl  ty|)c  with  the  ^hort  focQ.v 

Thcii  y  rcgarck  automat  icaHy*controlled  project ctfs,  Tbr^it-  arc 
y*ed  by  fortuf^n  Governments  My  own  (imi  have  made  such  for  tbc 
|^<p.MMt%i*  rif)vcrnmeiilt  ^hjcI  tht^y  ha%'c  0%*cii  excellent  results,  hut  no  usii 
it  t  ixr  ifuwic  uf  this  cla***  of  apparatu->  by  our  ovmi  naval  authoritits 

t'tinnnii  to  the  b-'*t  and  most  iniportaiit  purl  of  tlie  paper,  naiiHlv 
'WhtrllKT  Ol  m*  the  dec  I  Heal  requirements  of  a  warship  should  k 
t  on^iflerecl  nuich  a%  we  ^btmld  consider  the  elcclricai  rcquirenicnts  of  a 
Umn  itijpphed  horn  a  central  station  ;  this  was  precisely  the  subject  uf 
my  rcniurkn  at  Portsiiioutli,  for  which  I  was  thanked  afterwards  h 
Hir  Willunti  White,  It  is  evident  that  the  author  of  the  paper  and  Mr 
Kvei^hi'tl,  iunonji  ulhci  speakers,  agree  with  me,  that  this  is  the  stand 
[♦uirit  Iriirn  which  the  Admiralty  should  regard  the  supply  and  diitrrbu 
linn  iti  ihvtiic  lii^ht  nud  power,  It  is  evident  that  it  Ls  a  far  sinipin 
and    hcllei    j**h   tti  *npply   pawer    to    the  whok   of  the  complic.tttKi 

itu^ihary   machirieiy   ot   a   modrrn   battleship  from   a  central  stat 

hie  tiled  lie  low  tilt*  water  line.  I  lie  ^entnihn^  units  being  of  such  MJ5r  a- 
lu  he  euuveiiienilv  duphviitid,  and  the  disli  ihution  system  heinj^  inlef- 
i'omiocted  unci  duplicated  tii  such  an  extent  as  to  render  it  tmpo^sihlr 
fot  Ihi*  M^rvitc  h^  hi'  intwrvwyled  vvV  vvv^^  ^oivcA  \^^  ^-axa'at'g^  to  the  niaia^ 
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a  much  easier  and  simpler  task  to  teach  the  use  of  the  electrical  motor  J*^|„| 
as  a  means  of  supplying  power  for  any  cnnvenicnt  purpose,  than  it  is 
to  teach  the  use  of  Ai:vcral  kinds  of  motors,  such  as  hydraulic,  oil 
cnginei>,  steam  engines,  compressed-air  engines  and  the  like.  1  know 
that  my  friend  Mr,  Campben  Swinton  will  urge  that  eluctric  motors 
cannot  be  arranged  to  train  heavy  guns  so  well  as  can  be  done  by 
hydrauhcs,  but  I  think  in  this  he  is  wrong.  He  has  not  suFftctently 
considered  the  very  pt^rfect  arrangement  devised  by  Mr.  Ward  Leonard 
to  which  I  called  public  attention  in  my  presidential  address  five  or  six 
years  ago.  This  very  lx?autiful  invention  has  not  been  used  or  under- 
stood by  engineers  nearly  as  much  as  it  ought  to  be.  It  is  certainly 
the  most  beautiful  vanable'Speed  torque  arrangement  that  has  yet  been 
devised,  and  I  understand  in  actual  practice  it  is  found  to  enable  guns 
to  be  trained  within  minute  fractions  of  a  degree^  in  fact  even  more 
ininutely  than  can  be  done  by  hydraulic  motors.  Mr.  Gro%*e  points  out 
with  truth  that  even  now  on  board  ship  the  electric  motor  is  looked 
upon  with  suspicion — steam  they  know,  hydraulic  power  they  know, 
but  electricity  they  do  not  know  much  about*  May  I  ask  who  are  the 
ikey  who  hnd  it  difficult  to  understand  the  modern  electric  motor  ?  I 
ask  you  gentlemen  in  this  room  which  class  of  motor  could  be  the  most 
easily  explained  to  the  average  man- of- war sman — the  electrical,  the 
steam,  or  the  hydraulic  motor,  and  in  actual  practice  which  breaks 
down  more  frequently  ?  I  think  exTry  one  will  admit  that  the  electric 
motor  is  far  superior  in  this  and  many  other  respects.  It  never  breaks 
down  suddenly  :  if  it  is  worked  badly  it  gives  signs  of  it  by  vibration  or 
by  sparking  at  the  brushes,  and  the  fault  can  be  readily  taken  in  time 
and  remedied  ;  but  with  other  mechanical  motors  the  breakdowns  that 
do  occur  are  generally  sudden  and  likely  to  occur  just  at  the  time  when 
they  may  be  of  most  serious  consequence*  Again  as  to  the  liabilities 
of  heavy  maintenance  charges  of  electric  as  compared  with  hydraulic 
motors.  We  have  a  ready  means  of  comparison  m  the  case  of  these  in 
the  shape  of  hydraulic  lifts  as  compared  with  electric  lifts  in  private 
houses.  I  ha%^e  had  a  hydraulic  lift  in  my  own  house  under  my  own  eyes 
for  the  past  ten  years,  and  I  can  say  with  confidence,  that  what  with 
the  pricking  of  glands,  refacing  valves,  and  other  matters  peculiar  to 
hydraulic  systems,  my  hydraulic  lift  has  taken  ten  times  the  attention 
that  would  have  been  necessary  if  it  had  been  an  electric  one.  Of 
course,  the  other  matters  of  repair^  such  as  the  w*ear  and  tear  of  ropes^ 
lubrication  of  guides,  etc*,  are  common  to  both  svstums,  and  therefore, 
in  comparing  them  we  have  only  to  compare  the  hydraulic  system  of 
providing  powder  with  the  electric  system. 

As  regards  working  searchlights  with  2oo*volt  circuits,  I  think  the 
proper  way  of  doing  this  i>  hv  rotating  transformers*  I  observe  that 
on  the  last  page  of  his  paper  Mr*  Grove  states  that  engines  and 
turbines  have  both  been  used  in  the  Navy  and  have  imfortunateiy 
failed,  and  as  a  consequence  botij  are  looked  somewhat  askance  at  for 
tiie  purpose*  I  think  it  is  well  known  in  this  room  why  the  ^m^l«t- 
acting  engine  failed  in  the  Navy.  There  must  be  ^omfeVhm^  ^^o^^VT^ 
when  the  ^ingh-^ctin^  irj7JafT.s  engine,  which  hi\-s  btiiw  swc\v  li.  ^^^"»J^ 
^ucce,ss  ibr  ail  centra!  ^tHlions  tor  the  supply  «t  ^V^c^v\v;\V\\  >N^y^  \ouw^ 


fiW  GKOVK  :  EtECTftlC%t  EQriPMCST  iiF  JillfPS.      [April «li. 

J^^^j^j^^     iri3ipplic::ihfr  fm  n»vml  fHirpotcs.     Tlw  rcaooQ  wliy  flwiie  engms  were 
not   '  m  the  X^ry  in  not  a  credilahJe  one,  .iitd  tbe  k^  tbat 

l<  3s;*id  rhc  better. 

Rk^Ti4f4iL  ^*''  ^'  ^*  Richards  :  Tlw-  p^iper  laodgr  di9cu^^iun«  although  tcmied 

■*  Electricity  on  W^ships,"  deals  nsitaraihr  very  fully  with  the  practice 
Id  BrilHh  war^hip^.  afvd  it  t^  some  %4fisf action  to  all  those  who  have 
hecu  x^Mociated  with  thiN  work  to  Eiid  thuU  tn  compartog  our  sy^slcm 
of  eirctrtc  lighlitrg  wnh  the  system  m  foreign  navies,  Mr.  Oixnresl^li^ 
that  **nonc  of  lhe?v«  niethod?v  appear  to  be  so  ^^  and  sothorottgh  as 
the  Briti-^h  Admir*i[ty  mclhofl  of  lead-covered  cables,  closely  packed 
tojjethcr,  ;ij>d  vi>ihk^  and  acLC^?hiblc  throu|^hout  ihdr  lenglb.'*  Thi- 
opinion  i^  aU  the  more  %^aiu;ible  coming  I'rDtn  a  gentleman  who  is  one 
of  the  very  few  who  have  had  practical  experience  with  this  branch  ot 
the  profr!i*ion.  The  follo^'ing  rt-marks  on  the  details  of  the  pupcr  ai^ 
rn tended  rather  to  be  supplementary  to  the  ma^  oi  ui/annafTon  s*^ 
carefully  collcckrl  by  Mr,  Grove,  Ih4n  to  be  crilicaL 

Tht-  British  AfliTiir;dty  practice  as  regards  generating  plant  b  lulh* 
<i  ind  it  i>  stated  that  the  temperature  clauM.*  of  the  Ameftcaft 

*  i  ^fjs  is  50'^  P*  as  against  70'  f*\  of  our  service;  this  i»  interest* 

irr^  because,  when  this  Admiraity  specificAtion  for  dynamos  was*  ftrst 
publi-ihe*l,  it  ^as  diH:u>^"d  and  folly  crittci'icd  at  a  meeting  of  thii 
In^fittition*  :ind  strong  views  were  expressed  as  to  the  Jo**  tenitx-ralyre 
perinittcd.  Experience  ha*  fully  jtjstificd  the  temperature-ri*^  adopted 
in  the  specification,  and  1  may  ^tate  that  of  all  the  dynamos  \iyOC0 
!»efs,  amotinting  to  nearly  30.000  E,H,P,)  purchiiM^d  by  the  Bntitli 
Admiralty  under  this  specification,  I  have  known  only  of  one  case,  in 
the  very  early  day*»,  where  the  elect ric- light  machinerv  has  had  to  tv 
removed  in  consequence  of  defective  dynamos.  D\*iiamos  have  worn 
out  their  engines,  and  engines  and  dynamos  have  survived  the  maui 
machinery,  and  we  have  now  in  working  order  on  our  ships  sct'cril 
f<U  of  electric- light  machinery  origin  idly  fitted  in  ^hip*i  as  far  hack 
an  i8H6*  but  now  removed  and  tVtted  in  other  ships*  This,  I  think, 
^ettleH  the  question  of  the  durability  of  electric  machinery*  It  in 
perhaps,  siomewljal  tmfortunate  I  hat  dectric  power  should  have  been 
first  in  trod  need  into  warships  for  lighting  purposes,  as  any  sjighl 
hikh  i^  at  once  evident  to  every  one  from  admiral  to  cook,  and  no 
mailer  to  wlmt  (engineii,  boilers,  etc.)  this  hitch  was  due*  it  waj*  at  ontt 
put  down  to  the  electrical  arrangements  being  unrehable. 

!^lr.  Grove  refens  to  the  dislurtiing  influence  of  dynamos  on  ctmj 
psiAscs,  and  makes  a  remark  %vhich  might  be  construed  to  mean  that 
thin  is  a  recent  discovery.  Very  far  back,  however,  certainly  before 
18^4,  experiments  were  carried  otit  on  H.M.  ships  which  left  no  dtiubt 
an  to  this  effect  on  compasses,  and  in  1 H 86  experiments  were  rnade  t>n 
H*M,S.  Nortliamphn  to  determine  accurately  I  his  etfect.  The  increaH 
in  the  power  ^of  dynamos  in  modern  ships  and  the  aHei"ations  iti  thr 
compass  arrangements  has  made  this  question  prominent  lately  ,  bui 
as  regards  the  Admiralty  seivice,  no  difficulty  has  been  found  in 
correcting  any  effect  of  this  natnrcp 

A^  rugards  Mr*  Grove's  remarks  on  the  details  of  our  fittings,  tla 
J/litipfialder    was   mtrt>(\ttc«i^    A  '*v  \m\\t  ^N\\«i^  lamph olden 
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monojKjly :    the  cost   was  2d,  as  compared  with    ;s.»  aad   there  are   ^|„^^ 
probably  500,000  of  these  in  use  in  our  own  and  foreign  navies*  and 
experience  o£  many  years  showi>  that  the  «4ighl  difiicultit^s  anticipated 
by  Mr,  Grove  are  unimportant  i\\  practice. 

Wilh  reference  to  p»aralJel  worklnji;  of  dynamos,  this  of  cour>e 
presents  no  difficulty,  and  if  any  large  extension  of  electrical  apph* 
antes  be  adopted  in  H,M*  Navy,  it  will  no  donbt  be  done.  The 
sc;irchUghts,  as  the  writer  remarks,  form  an  important  feature  in 
the  armament  of  war>hips,  and  the  Admiralty  Projector  has  been 
severely  criticised  by  Mr.  C  romp  ton,  and  I  think  Mr*  Crompton'ij 
remarks  show  plainly  thai  il  would  be  very  risky  to  allow  SHCh 
important  questions  as  the  electrical  equipment  of  warships  lo  be 
dealt  wnth  solely  from  the  electrical  engineer's  point  of  view. 

Mr.  Cromplon  says,  use  short-focus  mirrors  ;  but  all  our  uxperiencc 
shows  that  with  a  shorter  focal  length  than  we  at  present  ns«;,  the 
mirror  invariably  cracks.  Mr.  Crompion  ,idvoc^ites  electrically  con* 
trolled  projectors  and  autoniutic  lamps.  The  experience  of  the 
Americans  in  their  late  war  is  as  follows  :  ■*The  automatic  controlhng 
devices  of  searchlights  were  totally  useless  in  action,  and  all  the^e 
devices  are  being  removed.  When  a  steady  beam  of  light  is  demanded, 
the  automatic  lamp  mechanism  fziils  to  meet  the  requirements,  and  it 
has  been  found  neces&iry  to  feed  the  carbons  by  hand."  This 
American  war  experience  agrees  very  closely  with  the  conclusions 
arrived  at  by  our  officers,  who  have  conducted  an  immense  number  of 
trials  with  all  sorts  of  such  appliances.  l*"nrther,  as  regards  Mr. 
Crompton's  remarks  ^is  to  the  Aqutifabati,  although  I  have  been  con- 
necled  with  this  branch  of  the  work  at  the  Admiralty  for  many  years 
and  practically  the  whole  of  the  present  specifications  have  been  drawn 
up  by  mcj  I  have  absolutely  no  knowledge  of  what  was  done  by  Mr. 
Crompton  on  that  vessel*  and  1  atn  sure  that  our  present  system  has 
nothing  in  common  with  the  system  on  that  vessel. 

I  notice  on  page  547  a  little  fitting  for  an tumaticjdly  indicating  when 
bow  lamps  are  burning:  this  htting  show?*  the  suspicion  of  unreliability, 
which  electjical  appliances  always  meet  in  ^I)ips,  and  in  the  very  early 
days  (1884)  a  similar  fittijig  was  fitted  to  the  bow  lights  of  H.M.ft 
Crmoiiik,  bnt  it  was  fonnd  that  the  bow  lamps,  properly  fitted,  did  not 
fail,  and  the  arrangement  was  abolished. 

The  general  system  of  conunmncation  discussed  is  that  at  present 
used  in  the  Bri^tisli  service*  and,  although  it  is  now  simple  and  efl'i- 
cicnt,  the  fittings  being  reduced  to  a  bell-indicator  and  pnsh,  this 
system  has  not  l>een  arrived  at  svithout  an  immense  number  of 
experiments.  Trials  luwe  been  made  for  yeitrs  with  all  sorts  of  tele- 
phones and  instruments,  but  they  have  not  proved  satisfactor)\  I  am, 
however,  pleased  to  say  we  have  at  last  arrived  at  what  1  hope  will  be 
an  entirely  satisfactory  telephone,  that  by  Mr.  Graham,  and  I  am  sure 
Mr.  Graham  will  readily  admit  the  assistance,  in  developing  this  instru* 
nient*  he  has  received  from  the  Admiralty  service. 

With  reference  to  electric  telegraphs,  we  ha%^e  had  endless  trials  of 
all  sorts  of  instruments  for  this  purpose.  These  instrumentsi  inv^iriably 
give  satisfactory  results  at  first,  bnt  quite  fail  to  stand  l\wi  ^IvMu  ol  ^s^-st 
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service,  and  ordinary'  electrical  mstruments  are  entirely  useless  oo  ship- 
board. The  telegraph  instru  merits  on  the  table  Mr.  K%Trshed  has 
described,  and  also  give**  ^onic  information  as  to  the  kngth  of  time 
thcsic  instruments  have  stood  the  test  of  sea  service,  which  is  crcdttahk 
to  the  niakersj ;  but  as  tlic  circuits  and  fitting  up  of  these  instruments 
were  carried  out  by  the  Dockviirds,  ttiis  is  at^o^  at  leu^t,  a  slight  lc!»ti- 
nioiiial  to  the  excellence  of  the  electrical  work  done  in  these  estahhsli- 
inents.  I  may  add  that  the  American  experience  of  all  delicate  clectrici! 
instryments,  either  as  telegraphs^,  range-finders,  or  tele  phone  ;&,  is  very 
decidedly  against  thetr  use. 

Coming  now  to  that  part  of  the  paper  dealing  with  electric  power, 
the  writer  does  not  propose  to  fit  motors  to  the  auxiliary  machinery 
co-operating  with  the  main  machinery,  m  deference  to  present  engineer- 
ing opinion.  This  really  means  that  the  only  electrical  machinery  for 
continuous  working  will  be  the  fans,  which  are  a  very  easy  and  suitable 
application  of  electrical  power  ;  these  are  already  largely  used  in  H,M, 
Navy,  and  in  future  the  whole  of  the  fans  for  ship  ventilation  will  be 
electrically  driven,  the  fans  for  engine  and  boiler  rooms  tseing  for  the 
present  steam  driven, 

Now  as  to  the  application  of  electric  power  to  working  guns,  tipon 
this  the  general  que^^tion  of  the  application  of  electrical  power  will  be 
largely  decided,  as  it  would  not  be  practicable  to  fit  a  ?»hip  with 
hydraulic  power  for  guns  and  electric  power  for  other  pur  pose  «^»  It 
will  be  necessary  as  a  tirst  step  to  convince  those  officers  who  have  the 
practical  working  and  mafiagenicnt  of  the  guns,  and  who  are  responsi- 
ble for  the  fighting-efficiency  of  the  ships,  that  electric  power  is  more 
satisfactory  than  the  present  hydraulic  S3rstem  (the  experience  of  the 
American  Navy  does  not  favour  this  view);  and  I  may  slate  that  no 
electrical  or  gunnery  fittings  are  allowed  to  be  lilted  an  our  ships 
without  having  first  undergone  satisfactory  trials  by  tliose  officers  who 
w*ill  have  to  use  them  at  sea.  As  far  back  as  1894  H,M*S*  Barfienr  was 
fitted  with  electrical  arrangements  for  working  her  10- inch  guns,  and 
these  arrangements  were  so  satisfactory  that  the  three  vessels  Brir#rwt» 
Centurion  and  Rcfiown  were  fitted  with  an  electrical  system  for 
y&orking  their  aramunition'haists,  and  these  have  been  entirely  satisfac* 
tory.  The  Capita n  Prat  is  mentioned  by  Mr,  Grove  as  a  beautiful 
example  of  the  application  of  electric  power,  but  I  am  afraid  that  in 
H,M.  Navy  it  would  be  preferred  to  carry  the  one  or  two  men  necessary 
to  train  the  turret,  rather  than  fit  electric  motors  for  this  purpose.  1 
quite  agree  with  Mn  Cirove  that  all  the  operations  he  describes  can  be 
efficiently  carried  out  by  electric  power ;  but  1  am  not  prepared  lo 
admit  any  advantage  iu  weight*  An  entirely  new  arrangement  o( 
warship  design  would  be  necessary  ;  in  fact,  gun-ntountings,  turret?. 
etc.;  w*ould  have  to  be  designed  specially  for  this  piU'pose,  and  it  would 
amount  to  desigmng  the  ship  round  a  central  station.  At  present  we 
have  to  take  the  ships  as  we  tind  Ihem,  and  make  the  best  arrangeoieut* 
possible, 

I  do  not  propose  to  follow  Mr.  Grove  in  his  calculations  as  to  the 
effect  of  the  iwloption  of  electric  power  generally  on  a  battle:>hip,  a* 
l/jc  /iiodificiitioiis  ace  ^  exiewsw^*  tU^t  to  obtain  really  reliable  dau 


1900.]  DISCUSSION.  611 

it  would  be  ncCLSsary  to  design  a  ship,  as  it  b  not  only  necessary  S^^jj^^^ 
to  provide  space  and  Wi^ight  for  the  necessary  electric  power,  but 
the  general  effect  of  the  altered  conditions  must  be  considered.  As 
tm  ilinstration  of  this,  when  it  was  decided  to  use  electrical  fans  for 
ship  ventilation,  it  was  found  necessary  completely  to  alter  the  usual 
system  of  ventilation,  and  instead  of  a  few  large  fans  5  to  6  feel 
diameter,  to  u^e  a  number  of  much  smaller  fans. 

Mr,  Grove,  on  page  602,  remarks  that  Naval  authorities  do  not  design. 
1  am  pleased  to  say,  however,  thut  the  whole  of  the  fittings  exhibited 
here  to-night,  with  the  exception  of  one  or  two  patented  articles,  have 
been  designed  in  H.M.  Service*  although  nsed  very  extensively  for 
torei  g  n  wa  r sh  i  ps. 

The  Admiralty  requirements  for  electric  fans,  boat-hoists,  and  cap- 
stans are  given  in  this  paper,  and  I  conclude  my  remarks  by  giving  the 
results  of  actual  trials  with  these, 

Ftin, — Centrifugal,  2  ft,  diameter.  Output,  1,500  cu.  feet  of  air  per 
minute  at  2  ins,,  water  gauge.  RevolutionSj  goo.  Currtsnt,  1 1 
amps. ;  voUSi  80. 

EUcirk  ^cJ«/-/iPiA A —Weight  of  hoist,  including  motor,  drum,  gearing 
and  controlling  gear  and  resistance  =6^  tons*  Revolutions  of 
motor,  650.  Gearing,  worm  and  w*heel,  then  pinion  and  spur 
wheel ;  total  reduction,  150  to  i.  Weight  lifted,  ^i  tons  through 
15  ft»,  in  16  seconds.    Current  taken  ^  450  amps.  ;  80  volts, 

Ekctrtc  Capsian. — Weight  of  capstan,  motor,  gearing,  and  control- 
ling gear  ^  12  tons.  Revolutions  of  motor,  450,  Gearing,  worm 
and  wheel,  then  spur  and  pinion.  Weight  lifted^  15  tons 
through  5  ft.  in  1 2  seconds.     Current  taken,  400  amps.  ;  80  volls. 

Mr,  A.  A.  C.  SwiXTON  :  I  wish  to  say,  to  begin  with,  that  I  do  not  ^^i^^^. 
agree  wkh  all  that  Mr.  Crompton  has  said.  He  has,  1  know,  given  a 
great  deal  of  attention  to  these  matters,  but  so  far  as  eJeetric  lighting 
of  Wririihips  is  concerned  I  think  1  may,  perhaps,  claim  equal  eX' 
perieiice.  My  very  tirst  electrical  experience  was  entirely  con- 
nected with  the  electric  lighting  and  electric  arrangements  of  ships 
of  war,  and  1  spent  about  five  years  doing  nothing  else.  My  view 
of  the  matter  is  thid,  up  to  a  certain  point,  the  use  of  electricity 
for  the  distribution  of  power  in  a  ship  is  very  advantageous,  but  that 
it  js  not  applicable  in  all  cases.  1  think,  more  especiajly  with  regard 
to  the  training  of  large  guns,  that  hydraulic  power  is  very  much 
belter.  The  liaining  of  large  guns  demands  slow,  steady  motions. 
and  these  can  be  obtained  by  hydraulic  means  with  extraordlnarv 
precision  in  a  way  that  I  do  Jiot  think  can  ever  result  from  the 
application  of  any  kind  of  mechanism  in  which  there  are  rapidly 
revolving  parts.  With  rapidly  revolving  parts,  such  as  are  necessary 
with  a  motor,  there  must  be  introduced  the  effects  of  momentum,  and 
there  nwxhi  be  great  complication  of  gearing  and  the  use  of  brakes  and 
all  manner  of  appliances  in  order  to  reduce  the  speed  and  to  gut  tU<t 
gun    to   &top  at    the   exact    place    required.     HydfAuWc  \\\ytc\w\^t^  \s 
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ji^plHid  ftrffMftifftoiil  for  ail  llift  p«poM»  for  mfack  iC bj 

rt»i>«l    :        ^  tiiu    For  thin  porpotc,  ai  aiij  filE,  tbr  1 

*  Mf .  Grfrtc,  in  bb  ^mptr,  ha?^  referred  to  the  me  of  : 
imj^iiet  jMul  tteifii  lurbiim  im  focari]  a  ship.    Mr,  Cn»9{i4Kn  has  »id 

«r>ffK-thif}jj  on  the  tuhject  of  «ifigb^'a«rtiiig  rng^llc^  imd  I  sboold  like  lu 
j4/t  4  wfrf#l  ;«lM>t«t  hifync^k,  becatbpc  I  was  perhaps  the  f^r^  in  put 
In  i\  pijrp**t»<ft  tm  beard  a  vesr^bip — m  i"  r  ihe 

///  ich  vk'as  Mink  imheCbilmi  War.  Ikif.  nud 

[  »'i«*  41  hhwKk  He  pui  a  Iar|»L"  number  ctf  turbines  into  warsliips 
♦if»fl  Hiity  w*irlnifl  exceedingly  ^iicct^ifiiHy.  lifter  that  the  AdminiJtv 
itdfFplicfJ  the  in,  iuid  iti  a  torivej'satioii  with  Sir,  FaLr^n^  wlio*^  turbines 
fUij  vmpUtycd,  I  ti.«kt:d  him  lo  whiit  he  attributed  the  fact  thai  the 
Atliinr^tly  did  ttol  continnir  lo  u!«?  them,  Wc  discussed  the  matter , 
iind  W(!  ai^rt'url  ;i%  In  the  re;isrjn\^  Firat  of  aU,  steam  turbinc^i  arr 
fihl  wril  Ktiik-d  tor  the  MwAl  puwcrn  Huch  i\s  were  then  ust^d  in 
Hliipitf  4H  it  I'i  very  difhcult  tu  niuke  Hmall  turbines  economical,  Whci) 
ytm  jict  lo  I  he  Ituger  si/x\  it  i*  of  cottrse  ii  different  mattt.*r.  Anuthcr 
tlMii|(  wan  that,  jrt  thoM.'  d«iy^  at  ;iny  ntte,  the  el<:;ctrical  part  i>f  the 
ei|iijpjnrf^t  of  n  ntiip  was  a  %'gry  *imall  pruporlioii  of  the  whole,  and 
tt  Wii%  rlifltcuH  to  j{ct  ttiu  etsginuerH  to  take  ^uBcicnt  pains  to  tearn 
the  detaiK  af  a  new  machine  which  they  only  considered  a  very  small 
(wirl  of  theu"  bu^^iness  Thirdly,  m  some  ca^vs,  these  turbitic:>  were 
pi  at:  eel  Irao^verMtly^  iurtjxis  the  ship,  iristciid  of  being  placed  lonp* 
tiiiliniilly,  11^*  they  shfHiUl  li:\ve  been.  With  turbines  placed  transversely, 
aiul  rionuo^  al  very  high  ?*peeds,  there  is  a  vury^  heavy  strain  ami 
ilarniei  of  injury  to  the  turbine,  owing  to  gyroscopic  action  %vhen  thu 
uliip  rolln. 

tti  eoncluskiii,  1  shuuld  like  to  mv  that  in  my  opinion  thi^i  lm>titntiou 
b  very  much  inilebled  lo  Mr.  Grove  for  his  verv*  valuable*  and  coan- 
preheuKive  paper,  tlie  first  tme,  I  believe,  we  have  had  u|x>n  a  \xn 
Ui\\y\n  laiil  HubietL 

Mi.  it,  C*  Al.i.^XiiUAXi  ;  tt  would  be  very  ijitereslinj^  it  wc  cuuld  I  • 
a  tvw  more  par tkuUvs  as Vo\\o^«\\v^\<^v5A-K:s3Niixttd wires  stand  on  K.: 
%U ii\     i  hie   npcaker  V^as  Vo\d  us  ^\v.a  W  v\v\\\Vs\c^-*;.^vs^vn^ ^viik>  >uU' ■  i 
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some  landsmea,  especially  fire-office  inspect or&,  who  k-U  uj>  talc^  of  j^^j- 
how  lead-covered  wiru  rots  uway.  a^^crtin^  that  if  k*ucl-coverccl  wire 
is  run  in  the  damp  cellar  of  a  house  the  covering  is  save  to  drop 
to  piece*  within  eighteen  months  or  so.  Hut  as  the  Admiralty  has 
used  lead'covered  wires  for  a  long  time,  and  still  continues  to  use 
them,  they  must  have  lasted  pretty  well,  and  oue  may  fairly  assmne 
that  the  test  is  a  severe  one.  It  might  also  be  of  interest  to  know 
whether  wires  or  cables  with  tibrous  insulalion  have  been  Iried  at  all 
on  board  sliip.  The  tendency  of  practice  with  street  mains  nowadays 
is  to  abandon  vulcanised  indiaruhher  insulation  in  favour  of  librous 
insubtiunp  and  the  same  trend  of  practice  is  appearing  in  house- 
wiring.  I  should  like  to  know  also  whether  twin  cables  have  been 
tried  for  wiring  ships.  Twin  cables  would  have  several  advantages 
tiver  single  cables ;  they  would  require  only  lialf  the  lixing ;  there 
wijiild  be  only  half  the  number  of  cables  nciir  switchboards  and  in  such 
crowded  places  as  is  shown  in  Fig.  it  in  the  paper,  and  there  would  be 
only  half  the  number  of  watertight  glands  in  the  bulkheads  and  in  the 
distributing  lx>xes  and  fittings.  Twin  cables  have  also  the  ;idvantage 
of  Ixiing  s;rfer  than  two  separate  wires,  for  any  fault  in  a  twin  cable 
soon  develops  into  a  dead  short  circuit,  blow^s  the  f um:  and  cuts  itself 
out.  A  disadvantage  of  twin  cables  is  that  at  least  one  couductoi'  in 
each  cable  would  have  to  cross  over  or  behind  the  insulating  base  in 
the  distributing  txiard  to  reach  the  opposite  pole^  but  this  could  be 
easily  provided  for  by  making  the  l><3Xes  ;i  little  deeper,  so  as  to  alk*w"  a 
space  of,  saVt  i  in.  l^etween  the  insulating  base  and  the  bottom  of  the 
box  for  the  wirei*  to  cross*  None  of  the  wires  need  cross  each  other 
inside  the  box,  nor  need  any  of  the  cables  cross  each  other  outside  the 
box  :  with  single  cables,  on  the  other  band,  the  cables  must  cross  each 
other  outside  the  boxes,  and  this  is  a  disadvantage  which  I  think  might 
fairly  be  set  off  against  the  one  I  have  mentioned, 

Mr.  Evershed  has  referred  to  the  importance  of  working  instruments 
as  far  as  pos^ible  from  the  lighting  or  power  mains,  and  not  from  primju*y 
batteries.  In  the  paper  we  see  that  the  torpedo- firing  circuits  are 
worked  by  two  batteries  in  parallel  at  one  place,  and  another  high- 
resia^tanee  battery  somew  here  else  ;  there  appears  to  lie  a  battery  on 
every  gun,  and  there  are  more  batteries  for  telegraphs,  telephones,  and 
so  on.  All  these  priiiiarv  batteries  must  be  a  great  nuisance,  and  I 
venture  to  suggest  that  all  the  instruments  and  circuits  on  a  battleship 
should  be  designed,  if  possible,  to  be  worked  off  the  mains  ;  or  in  cases 
where  it  w^onld  l>e  absolutely  impossible  to  work  them  direct  off  the 
mains,  as  with  telephones,  they  might  be  worked  with  accumulators, 
charged  off  the  mains. 

Mr,  A.  J*  Lawsok  :  One  point  mentioned  by  Mr.  Grove  to  which  I    ^^^  i. 
wish  to  direct  attention  is  the  great  length  of   steam-piping  for  the 
lighting  engines  of  ships  of  war,  w^hich  are  apparently  placed  all  over 
the  vessel,  ^nd  the  wastefulness  of  this  practice.     Many  years  ago,  so 
far  back  ;is  i8i^4  and  1885,  1  carried  out  a  good  deal  of  ship  h^lJlvUw^^ 
(od  on  the  first  visit  of  the  British  Association  lo  CviWAd^  %o\wm  m\  ^Xvas^«^ 
f\o>v  prc^viil  tuny  ituw  crossed   Lake  Supcriur  o\\  i\\K  vv.^^i*iVi*  ^^^  '^^^ 
C^nadun  FaciBc  /?a/7 way  Company,  in  which  wcrt  \n'sViAiV^^:<\  Xvx^v^V*^^ 
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engines  and  belt-drtvtn  dynamos,  which  one  now  never  hears  oi  on 
board  ship.  The  speed  of  the  engine:*  was  the  same  ai  it  is  to-da>% 
about  $00  revolutions  per  niinnte^  but  the  dynamos  ran  at  speeds  from 
1,200  to  1. 800  revolution!*  per  minute,  according  to  ^Izq.  Engines  and 
dynamos  were  placed  on  brackets  bolted  to  the  frames  of  the  ^Hip 
within  the  main  engine  room  and  the  length  of  steam- pi  ping  was  short, 
Hc*ncc,  although  the  engines  were  anything  bnt  cconomica!,  I  do  not 
think  our  steam  consumption  was  anywhere  near  so  high  as  that  of 
present-day  practice  mentioned  by  Mr.  Grove,  A  great  deal  can  be 
done  to  lessen  this  wastefulness  by  adopting  a  central  station  method 
on  board  ship  :  there  can  then  be  much  shorter  lengths  of  piping  ;  and 
if  the  Admiralty  v^-iU  use  standard  voltage  machines  of  100  or  even  loo 
volts,  and  not  a  standard  of  their  own  which  is  not  used  by  anybody 
else,  much  of  the  tangle  of  cables  shown  in  some  of  the  illustrationi 
can  be  avoided  and  the  cables  may  be  smaller,  while  any  difftcutty  with 
the  projectors  can  be  got  over  by  the  use  of  suitable  resistances  in  tlidr 
circuits  or  by  putting  down  small  motor  generators, 

Mn  H,  Welde,  VMS.  [cmnmuntcatcd]  :  In  Mr,  C  E.  Groves 
interesting  summary  of  the  uses  of  electricity  on  ships  of  war  since  Its 
first  introduction  in  the  Royal  Navy  in  1875, 1  notice  under  the  head  of 
Dynamos  a  statement  that  the  dynamo  installed  in  H.M,S.  Mmokturin 
1870  was  a  "  magneto  machine/" 

Faraday  in  his  First  Series  of  Experimental  Researches,  Phit.  Tram. 
1852,  p*  138,  detined  the  exact  meaning  to  be  given  to  the  tenn  magneto- 
electricity  in  the  follow^i  ng  paragraph  : — -*'  5H.  The  similar  it}'  of  action* 
almost  amounting  to  identity  between  common  magnets  and  either 
electro-magnets  or  volta-electrtc  currents,  is  strikingly  in  accordance 
with  and  confirmatory  of  Ampere's  theory,  and  furnishes  powerful 
reasons  for  believing  that  the  action  is  the  same  in  both  cases  ;  hut,  as 
a  distinction  in  language  is  still  necessary,  I  propose  to  call  the  agency 
thus  exerted  bv  ordinary  magnets,  mai^nefo-fleciric  or  magft^itrirk 
induction  (J6);" 

All  machines,  therefore,  that  generate  electricity  from  ordinary 
steel  magnets  are,  according  to  Faraday's  delinition,  magneto*electric 
machines.  Now  the  machines  established  under  my  direction  on  the 
Minotaur  and  on  other  battleships  In  1875- 1880*  were  self -exciting 
multipolar  dynamos  constructed  in  accordance  with  the  specihcatiod 
of  niv  patent  of  March  ♦  1H67,  iu  which  permanent  steel  magnets  were 
dispensed  with.  Further  descriptions  of  these  dvnamos  for  ligljtin|^ 
and  for  the  electro -deposit  ion  of  metals  were  published  in  the  Pbilo- 
mphital  Magazine^  ^^ly?  ^^"fl  hi  other  journals.  I  have  already  directed 
attention  to  the  fact  that  the  term  ''Dynamo-electric  Machine  "  \^^* 
invented  by  Charles  Brooke,  F^R.S.,  who  applied  it  expressly  to  my 
elcctro-magnctJC  generator  {Prot\  Roy.  Soc,  vol  xv.  (1867),  p.  40^ V^ 

Under  the  heading  ot  Searchlights  in  Mr*  Grovels  paper  I  am 
reminded  of  the  difhculties  I  had  to  encounter  in  this  application  oi 
the  dynamo,  and  Ihe  important  assistance  derived  from  the  eminent 
/ightiiouse  and  electric'a\  euvivvi^i^x's,  >.\\\.  "5f\\i\.V*i;t  ^^d  Lemonnien  of 
P:in^,  in  enabling  me  to  iuVt\\  v\v\:  ttt\m^emt\\Vs>  ol  s:^^^  K^vwuVdik^  *a*l 
,u  Office  TorpcdQ  Cummilte^js  duvwii  v>a^  vt\A\^  '^^  vV^t  -*^^^v^^ 
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the  gunboat  Comd  in  1874.  One  of  these  requirements^  was  that  thu  ^'"'.  Wiut«. 
beam  of  !ight  from  the  projector  should  have,  at  will,  a  divergence  of 
ztf  in  azimuth.  This  condition  was  met  by  the  design  ot  the  divi*rgmg 
lens  now  in  general  use.  The  design  was  executed  for  me  by  the 
French  optical  engineers  above  mentioned^  who  also  suppUed  the 
dioptric  lenses  used  in  connection  therewith.  My  electric  light  regu- 
lator with  screw  motion,  patented  in  1H73,  is  now  adopted  in  more  or 
less  rnoditied  forms,  in  all  searchlight  projectors. 

I  may  also  mention  that  the  general  method  of  searchlight  signaUing 
with  the  vertic^il  beam^  by  means  of  a  retlecting  disc  monnled  hori- 
sion tally  on  a  spindle  in  front  of  the  projector  and  vibrating  the  disc  by 
means  of  a  lever  bandk^,  w^as  invented  and  applied  by  me  on  the 
Minoiatir  in  1H76. 

When  the  importance  of  the  searchlight  as  a  protection  again!*t 
torpedoes  was  established,  temporary  belt-driving  from  capstan  engines 
was  superseded  by  separate  engines,  geared  to  the  machines  by  spur 
wheelSt  in  order  to  utilise  the  low^  steam  pressure  ruling  in  Hagships  at 
that  time.  This  mode  of  gearing  soon  gave  way  to  the  direct  driving 
of  my  dynamos  by  Brotherhood's  three-cylinder  engines  (1878-1880) 
with  60  lbs.  steam  pressure, 

After  the  year  1880  the  alternating  dynamos, engines,  and  projectors 
used  in  connection  therewith  were  gradually  succeeded  by  the  improved 
types  described  and  illustrated  by  Mr*  Grove.  The  absence  of  French 
designs  of  searchlight  equipment  from  Mr.  Grove's  paper  is  a  notable 
omission. 

Whatever  disadvantages  the  nmUipolar  alternating  dynamos  of 
1875-1880  possessed,  w^hich  caused  them  to  be  superseded  in  the  Royat 
Na^y  by  those  producing  continuous  currents,  the  former  had  the 
distinct  advantage  of  having  no  adverse  influence  on  the  directive 
action  of  the  compasses*  either  directly  or  indirectly  through  the 
wiring  of  any  part  of  the  ship.  Should  the  idea  of  central  electrical 
-tations  on  board  ship  be  ultimately  adopted,  alternating  dynamos  may 
i^ain  come  into  service  both  for  lighting  and  motor  purposes, 

Mr.  L.  F.  NoAKEs  [fiomnmnkaied]  :  1  should  hke  to  point  out  that    Mr  Noaiaa. 
the  vexed  question  of  designing  a  ship  with  a  central  station  on  board, 
although  only  in  the  imaginative  stage  in  England,  has  been  practically 
carried  out  abroad   nearly  ten  years  ago.     One  ship,  for   instance, 
mentioned  in  Mr,  Grove's  paper,  the  Chilian  battleship  C^pitan  Prai, 
built  in  Toulon,  has  a  plant  of  175  Lw.  capacity,  the  six  dynamos  being 
grouped  together  in  a  room  aft  of  the  eiigine*room  below  the  protective 
deck,  there  being  also  four  switchboards  for  the  control  of  the  artillery 
lighting  and  projector  circuits,  and  one  for  interconnecting  the  other 
lb tee- 
In  reading  the  reports  adverse  to  the  use  of  electric  power  in  the 
U.S,  Navy,  I  noticed  one  of  the  principal  point^s  objected  to  was  the 
high  speed  of  the  engines  employed.     The  artillery  dynamos  in  the 
above*mentioned   ship  are  driven  by  a  horizontal  engine  running  at 
230   revolutions,  there  being  a  500-aniperc  7o-vo\l   mac\™e   6t\^«A:l 
coupled  at  each  ejid  0/  file  crank  shaft.    These  machmfiii  ^ui^v\^  1^ 
(fit  circmtii  independently,  and    in  series   i^jo-voU  iof    \\i<i  ^jrroaX^t^i 
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it  warn  he^^aM  Ite  bnpi  it  is 

0m  the  bridge  mm§i  be  there 

..A^i  ..^  K  ^' i<iipiicidoo»  ?    la  cemmdem^  sach  apparsUxcs 

•4  «lBtf  fov  can  di>  Ml!fr^  Imt  vltit  jnoe  can  do 

f/^frut      >i\fmhi3  fi*f  fir  foriQOtldl. 

I  tki  ittit  iM^eriiaad  wbf  wc  thiMiid  |iiia  cor  liilb  lo  the  nrport 
ir  t'^iclMnlit  to  Uic  «*dii8kiii  Irom  ottr  n»vf  of  soch 

^1'  itrdlfstrr  ^  ihe  OMitroiter  for  profector^    I  hxvc 

u>  ippr<?cialed  lli«  value  of  the  cotttrol 

^F'       '  ,  ,  rn^iits  c^prcixlJy  dttimj;  gan  fking, 

H^hf  M  f  tUttti  fl»Mik  evca  Mr,  ffmh^m**  loudest  fclephonc  wcniJcl  be  erf 
llw  hnM  H^v  Ml  in  mm  11  ilia*  ting  witli  the  lig(iiin|f  Utf*s,  where  you  hat* 
t|ffM  k  hrliij^  I^Hn«  wHbin  n  few  fert  af  you, 

WKiii  »fH**il*mK  nf  rifM»)C  cirtiiHi*, tclei^fiiphH  Lind  bt^ll^, etc.*  I  tioticrd 
Ml.  Iifiivr  t[U\  tuii  imniUm  thr  very  successful  um:  tli;il  has  beun  madt*. 
Ill  fiMHit  vi'ius  i'l  < '»iitiuumi'*^<urrcnt  trjiiisfrirmcr*  for  rrplstcinj^  m 
Mii|»ph4uu'iiliu|4  UMtvi  H  ^. 

Willi  ii^giiHl  li*  Mr.  (irovif's  rcni;iiks  ahmit  enclosed  motors,  I  can't 
•ilV  i"V  ivniii'iii'iit't'  oi  thfiii,  ii^  cojnpart^cl  with  opvn  tn^es^  has  ahvay*' 
iHiMt  fHVMUiMliit'  ki  llicMt,  Tht»  4*niioM,*d  type  wcnisio  Miffcr  rn^rc  from 
lhi»  tHJiH/h  1*1  (liiiujmc^H  whtTi  disuiicd  tur  hmg  periods*  I  hpivc  found 
ufiMii  iiuiliiiu  0*f^l*^w  the  nmiu  deck)  us  ^aoti  as  new  after  ei^ht  vears' 
unnirr  luid  ni'S't*i  luiviti^  required  repiurs,  whilst  encla^etl  tnotors  hatir 
IftVrU  hnul»Ui  tilli'i  nulv  tme  iH^  two  yCiUV  use, 

Mrt\  L  Mt  cnMvUi'«hMJ,  veuliM'u  lo  cmi^Tiituhile  Mr.  E%-eishcd  on  hi* 
lUi*iMU||ht\  iM4itu.il  lu*tt\imcnls»  lelcf*r.iphs,  itc.     1  only  i cgrei  ttwH 
hftvi"  H%'\%\   vMUd   *' *^tun  uMtcs.     with  ,^uy  of  them;  iii^teiiid,  I  ^^luli 
i.inv  \1vh^  riv**U,  %  Mr,uH  of  other  ^p;\ni4tti*»  with  me  to  the  gmve, 
Siv  \\ttk%i^         Ml    H,  k\  V^  *i«iin*niAd/i^]  :  tnth^nkiiii^theduihcirfurlib 

I  *  "         '  :  esituie*it  ol  hKMihiecl.  J  sho«ild  like  tii  cmo- 

^1  I  tier  in  which  the  (ti>vornfnmt  nir^  trr^bnjStlK 

,Ui  sriim,     l^y  by  tltt>'  tl>e  ttse  ei  dkMiicd 

jj[  bittcneaflfl^i^jpct  jg  the  fmr-^ewl  %mm,  1 
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believe  I  am  correct  hi  saying,  thu  science  of  Eltx'tiicity  is  only  rcco^-  **'-  WMktr. 
nised  by  the  provision,  in  the  largest  battleships^  of  one  or  two 
mechanics,  taking  rank  with  a  chief  btxits>wain*s  iimtc  or  chief 
gunner's  m^te,  and  junior  to  the  you nge^^t  naval  cmivt  In  the  ^rcal 
age  of  British  seamen,  na%'al  oflicers  were  as  proud  of  bein^  good  sea- 
men as  of  being  abk  to  fight  their  ships,  and  many  of  onr  grt-atctst 
victories  were  won  as  much  by  good  seanianship  a^^  by  tfie  old  buihdog 
courage.  The  captains  then  knew  every  sail  every  rope,  and  vvliat 
could  be  done  with  them — a  striking  contrast  even  to  ovir  thoroughly 
practical  cou*.itis  at  the  battle  of  Santiago.  An  Hlcclrical  Ucparimeut 
iitiould  therefore  be  organised  without  lurllRT  delay.  It  may  be  fairly 
a-sked  also  who  supervises  the  %vork  that  is  done  for  llie  Admuahy,  and 
of  what  vaitie  is  the  supervision  ?  The  result  of  this  neglect  of  the 
coimtry*s  interest  is  apparent  al  every  strp,  We  have  the  absurd  com- 
promise in  the  matter  of  voltage,  niaiutained  Iong:ifter  every  one  else  has 
moved  on.  We  have  open-type  enginest  with  single  cyli  riders,  r  hough  I  he 
steam  they  are  to  consume  is  at  from  275  to  ^vo  lbs.  pressure.  We  have 
the  patlietic  complaint  that  the  stray  field  from  I  he  dynamos  affects  the 
compasses,  and  tlie  more  pathetic  appeal  to  manuractiirers  lo  fielp  their 
lordships  out  of  thedifticulty  ;  and  again  we  have  tire  compromise*  For 
some  inscrutable  reason  the  manufacturer  is  not  allowed  to  attack  the 
problem,  a>  he  would  like  to,  by  provicHng  pletity  of  iron  around  ihe 
dynamo,  by  enchising  it,  as  motors  are  uow  enclosed  for  use  on  shore  ; 
and  by  making  the  whole  machine  larger  if  necessary,  to  keep  the 
working  temperature  down.  He  is  restricted  a»  lo  weight,  and  so  the 
problem  is,  as  usual ^  half  solved.  • 

I  should  like  to  ask  the  author  of  the  paper  if  any  measurements  of 
steam  consumption  liave  been  made  on  the  single'Cylinder  engines 
u*:ingiteam  at  300  lbs.  pressure,  and  if  there  has  not  been  considerable 
trouble  with  cylinder  condensition.  i  venture  to  think  that  if  tests 
were  made,  the  results  would  l>e  somewhat  siartliug.  Wotild  it  he  [on 
much  to  suggest  that  the  Admiralty  should  take  a  leaf  out  of  the  bf»ok 
of  any  central  station  engincertand  try  at  any  rate  the  result  of  running 
the  dvnamos  from  triple»expansion  engines,  enclosed  ?  I  also  suggest 
that  if  the  auxiliary  engines  were  displaced  by  electric  motors,  taking 
their  current  from  a  central  dynamo  station,  most  of  the  trouble  of  the 
water  coming  over  when  the  auxiliaries  ;ire  started  would  disappear. 

1  think  tlie  Admiralty  have  been  right  in  not  allowing  parallel 
w^orking  of  the  dynamos,  but  hardly  see  why  it  should  be  necessary  to 
extinguish  any  p.irlicular  group  of  lights  -when  switching  from  om 
dynamo  to  ar mother,  as  the  r»amc  *Trrangemcnt  is  made  in  some  central 
i^tatious  without  extinction*  I  observe  that  the  Admiralty  are  keeping  tu 
I  he  old  form  of  switchboard,  which,  wh.^tever  might  havL*  been  its  virlues 
111  lecn  years  ago,  can  surely  l»e  im  pro  veil  on  now  with  the  experience 
ih;tt  has  been  gained  during  that  periiHh  Lead-coveretl  vulcanised* 
rubber  cables  are  probably  the  best  that  could  b*?  employed  for  men* 
c>f-w*ar,  provided  there  is  plenty  of  rublser.  In  view,  however,  of  the 
increased  scarcity  of  rubber,  it  miglit  be  worth  while  to  fry  a  special 
form  of  some  of  ihe  paper-coverefl  cables  The  current -density, 
though,  should  tx'  very  much  lower  than  r,oon  amperes  pet  m\WAtc  w%*i\\. 
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ci»M4cT»bif  to  the  A6r  oC  Hie  tUMlatiww  of  ific  oMt.  t  ag^w^  witfc  t^ 
ambor  m  tlunlufig  the  onplofinept  tit  wtnd  [wlieft»  lor  tte  aupport  oi 
the  cables  a  retr«0^Kle  aio»M<t :  tf  there  «a»  ootf  llliiii^  a«Kie  d«ar 
hj  the  actkMiA  of  Smts^  a&d  The  Yalii«  ct  «ni»  tie  ffieat  Stings  ci 
6re  tir«akiAg  oQt  m  ^tji>ii  e>*pcciafly  wlicre  ,uvf  woodwork  iP» 
prc^tif.  It  ihtinltl  br  retoernbcrcii  tliat,  vheti  a  shot  or  2  albeit  ^tisAt:'* 
amy  p«tfl  oC  .1  4iif^.  '^  -  of  tapocc  the  eiaonwMift  {mtoafit  <i 

^enefjc^  ^cj€t^  in  ihtL  ,  ii:sl3«ll)rcoitTert0d  Ua  beat;  awl thdrt 

tn  jidditiron,  a  Urge  portion  of  the  encr^  deiii^erieit  Ip  &e  rbawibrr  d 
the  g^m  3it  c;»c)i  ifxplo?iiofi  1^  alsfO  converted  info  beat  tbal  ntiaains  bi 
tbe  ipin  ami  tt»  Mtrratiiicfing.s^  Hence  the  temperaiure  of  tbe  $btp  as  3 
wfiok*  aiMd  of  iu  metric  nhcU  in  piitiCQlaf ,  mti^t  rbe  eiMMUKxtsly,  as 
w;k*  foofMl  in  Ibo  actk«ii»  nained^  le^icig  to  the  tgnitioo  ctf  anytbti^  of 
^mch  A  comhiYi^iihit:  raiuTs  ^s  wood,  th^^i  may  happen  to  he  In  titt- 
nesglibourbood^  I  >lfeOulcI  ^Im>  join  in  the  ;it>thor^  condrmnittioti  cil 
the  Admiralty  joint  ^hovrti  in  Fig.  ha,  asldoubtit^iratcrt  iticsw 

Wiiitrr  (ra>  a  kniick  of  linding  its  way  thrCHSgb  mrr  mji  v^  by 

capilUry  action,  and  in  my  experience  it  is  most  diQkwlt,  u  pot  acsti^lT 
impossible,  to  make  a  )i>tnt  of  the  nature  de^rihcd  without  teaviug  a 
capillary  «pa€e.  TltcTe  i^^  also  a  very  real  dan^o-  oi  danugiag  tfac 
insulation,  in  the  proccsf  oi  making  the  joint  I  iiX>uld  sllgge^t  that, 
lor  the  junction  bo^e;*  and  nimilar  arrangements,  the  pUn  that  hai  been 
Wf irked  ciut  by  the  Uritish  Insulated  Wire  Company,  in  which  tiic  lejid 
cover tnj{  of  the  cable  itM:if  i>»  !» wealed  to  the  h^^  block,  or  <ijm<!ththg 
on  the  same  hne?<<»  would  be  more  ^^ti^factory  than  Uxc  red-lcading 
fiyMon.  Filhng  in  with  red-lead  is  at  best  very  utiocrtain — there  iv 
alway?i  I  he  danger  of  leaving  capiliary  spaces.  I  would  suggest  al^> 
that  cither  concentric  or  twin  wire  tnight  be  u^d  with  advantage  io^ 
tlie  «!iinaner  conductors. 

The  Adniirally  are  quite  right  in  using  looped,  in  place  of  capped, 
lamps  but  «*tircly  r*ometlung  better  mi^lit  have  been  found  than  the 
iuniiteur  arnui^eruent  that  is  li^'d  for  ct*nnccling  thi*  cables  to  the 
limip>.  Any  ni;iker\  catalogue  ^hows  lit  tings  that  arc  at  least  moft 
\tiitihle  Hian  llie  makeshift  arrangement  in  use.  But  why  not  have 
lamp?!  ruacti;  with  iipecial  loop^,  strong  enough  to  withstand  the  vihra- 
tiun  during  the  Ufe  of  the  lamp,  aud  al^o  .ntrong  enough  to  stand  an 
ocean ioua I  spark  without  requiring  replacing?  Again,  the  watertrgbl 
httiiig,  siiown  in  Fig.  13,  is  not,  in  my  opinion,  watertight.  If  t^l^* 
f*latL*  ^epar^^tur  and  the  rubber  washer  are  not  very  carcfnll}'  tilted,  tin 
water  wiil  (ind  it^  W'ay  through  ;  and  in  any  case,  alter  the  apparatus  hA^ 
been  tjpened  once  or  tvvnje*  there  will  at  least  be  a  capillary  space 
Although  aware  tif  I  he  objections  to  the  use  of  accunuiJators  un  ho^d 
Hhi|\  1  suggest  that,  l)y  proper  arrangement,  searchlights  might  be 
worked  from  accumulators,  especially  on  board  ^men-of-war  ;  but  tin 
objections  would  probably  very  largely  disi'ippear  it  a  proper  electricji  I 
»latf  weie  carried,  and  there  can  be  no  two  opinions  as  to  the  ooo- 
vcniejice  ot  the  ariai\^cm*;v\V\(  vticouLd  be  property  carried  out*  Th*  I 
«cc  u  m  u  I  a  U  n"  s  could ,  o4  cout  m ,  be  viVAii^i  w^  \i\  \m  ^^^vt\  ^t^ ^jacaiu^s  ^^  I 
tuiUil  ballet W^*  a\^d  \^v  V\i^\Vvcv^  >kWv\  vw  >a:dsNara^^  "^    y 
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proWem  of  communication  on  board  mtMi-of-war^as  the  author  remarks^  ^*'  ^^'^' 
is  by  nt»  me.in^  solved,  and  it  is  a  very  dilfftcnlt  ones  Completely  new 
ground  wrll  probuhly  have  to  be  taken  in  working  out  the  problem, 
rhc  ordinary  telephone  apparatus  and  electric  hell  arrangement?^  are 
far  too  delicate  (o  stand  the  enormous  strains  to  wbich  they  will  be 
subject,  when  the  ship  is  in  action,  or  even  when  firing  her  monthly 
attowance  of  ammunition.  Apparatus  that  is  to  be  of  any  tise  untkr  the 
conditions  must  be  very  strong,  and  must  have  ample  f>rovi^ion  for  the 
vibration  to  which  it  will  be  subject.  This  is  only  to  be  obtained  by 
large  and  comparatively  heavy  apparatus  worked  by  comparatively 
powerful  currents.  The  gun -tiring  and  torpedo-liring  arrangements 
appear  to  hv  remarkably  clumsy,  but  with  an  etcctrical  staff  would  very 
soon  be  sinipliiied,  Ricliards  and  Evershed's  engine-room  telegraphs 
are  beautifully  worked  out  apparatus,  and  the  only  question  is  whether 
they  would  stand  firing  over,  or  at* 

With  regard  to  power,  although  it  may  be  some  time  before  a  ship 
is  driven  across  the  Atlantic  by  means  of  motors  furnished  with  cvirrent 
from  accumulators,. that  tiuK"  w*iU  come,  and  perhaps  before  some  of  us 
think,  it  will  be  remembered  that  it  was  said  by  a  leading  scientist  of 
the  time,  when  the  marine  engine  was  first  introduced,  tbat  no  ship 
could  carry  sufficient  coal  to  take  her  across  the  Atlantic.  The  require- 
ments of  the  motor  car  will  probably  help  the  problem  of  ship  propul- 
sion very^  considerably.  But  there  can  hardly  be  any  question  as  to  the 
advisabihty  of  driving  all  the  auxilbiry  engines  by  means  of  electricity* 
That  is  to  say,  uf  replacing  the  existing  steam  plant  by  electric  motors. 
It  has  long  been  known  that  these  auxiliary  engines  are  terribly  waste- 
ful of  steam,  s<:)me  of  them  using  as  much  as  250  lbs.  of  steam  per  brake 
h.p,  while  in  actual  work  ;  and  in  additioii  there  is  the  enormous  w^aste 
constantly  going  on  by  condensation  in  the  pipes  while  the  engines  are 
standing. 

The  author,  at  the  end  of  the  paper,  propounds  tw*o  questions  : 
Should  the  power  distribution  be  on  the  continuous-current  or  the 
polyphase  system  ?  In  my  opinion  the  continuous-current  would  l>e 
by  far  the  best*  for  the  present  at  any  rate.  As  the  author  very  properly 
remarks,  it  has  the  advantage  of  simpUcity,  a  matter  of  considerable 
importance  under  present  conditions,  in  the  complete  absence  of  an 
electrical  staff.  And  the  matter  of  the  commutator  of  the  continuous- 
current  machine  is  not  now  of  the  importance  that  it  was.  Even  a 
hliic-jackct  could  be  trusted,  in  most  cases,  to  look  after  it  without  any 
fear  as  to  the  result. 

On  the  other  question,  that  of  voltage,  I  have  a  very  novel  sugge*,- 
tion  to  make,  and  one  involving  practically  a  revolution  in  dynamo  and 
lamp  practice,     It  is  that,  instead  of  a  higher  vnhage  being  adopted, 
which  would  almost  naturally  follow  if  lamps  of  tiigher  voltage  can  be 
made  to  stand,  a  viry  low  voltage  should  be  employed  and  the  ship 
i  I  self  used   as   the  conduetor*  not  only  as  a  return,  but  as  lead  and 
return.     The  dynamos  w^ould  be  connected  direclW  io  ^\'^  bciA^  ^\  Wi^ 
stiip,  and  the  tamps,  motoia,  etc.,  would  l^e  also  coiiuec\Vi<\  toccV\N  \^ 
the  >hip,  ihc  wecessari"  difference  of  pressure  Vicm^  o\^V;v\i\c^  ^xowv  V\\c» 
ptys^iuoti  af  which  the  two  con iiecf ions  were  iT\ad«c.     TW  vo\U\^*^  ^t>\^\^^ 
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'.  i;"''  :  »*  ■"  ?.i  "■  \  '.  ■:  :  .-.irrt-:!.-  .i::«i  v:::! 'hem  rlie  ri:-:^^ibii:rv 
?"  '■■.':-ii-  t-.-  :•.  i  ■■  r."  -.■■  --.  ;-.  hT:-  r..  !''-.«:  ia.r.ip';  -.voiiid  aecevsir-ly 
r«:  ■■..  •••.•...i:  I  ■:■.-_■-  • -.i::  ■.-.. -c  iT  -f-'-v.T.r  .ivxiable.  And  thi> 
■A  .';.■•:.-..'.'.■.■.-  1.^-  •  ■■  V  ■  T-  r  -.-.-:  tr- t.ty.-ir^cnc-.  The  problem  in- 
■-'.'.'  ■■■;  .  :;...  i  ..;  :.-•-. -J- ::,:  '."-:•  *-  i  '  -r;-  ■■tit^cuit  one.  but  ic  is 
*  .r-/.  \-       .    *         ■     '     i."     ■    ■    .   !"  "  .:;"   '.\ii   v  riii  ili>  ever  5<;en. 

M'.^i  ^      V.      .'     .  .::'::'     A!"  ".■'i^!".  pnicrically  A  no\ice 

:■    ■..■.■■;■.. I.      ■,.■■"..■    -'   t-'.      .;-.    ■.-:.::  -/.t:  -J .c:   c^^ciit  m-.^tive  p.>wer 

•  ,f  '  .■  r.  rr  :" .'  A  .  ■-.:  :.:."..■:  A-  N't-  lI  Ar:hir.c:cc  :•:■  the  Thames 
[■■■■.V.  *  .r^      r  •    ■'.    '.    ..t.;-    "   ;■■•   '  -.:     •;  .:i-:  Tl  p-.L-:"?  wir/.'jur  -ja^injj  that 

•  ^ '.'..;:-.  -.-  :.-  •.:...■-  -.I'l  7- -^  ■.::  ^  t  it.-:;^'-!  :■  r  .1  t.irpecio  dep*">t  and 
rpi;  ■  '.  ■.  -i-  :  ."  *  •  I:  .ru-.i!  't?  t -..•».■  ir  vcrnriiint.  I  suggoted  that 
t  .•■•  a:    .:r    -.r  •   ■    :  i^^.i'-   T...: .  /  : .  .T".  ■   i--;..!*.-  "lic  propelUHg  muchinerv 

L.i.  r:    ■.,  .-.-1   :  ■:  •■.    ;■:...•■:        ..' r . ..:.'.■     --.:':  .l-  vunnlacing  fans  tor  the 
I  •;::.:•■     ■,.    r'lr';      .'  ■  :..      '  ..-.^  u'.r.*.-!.  tTc.  ai^-Comp^e^^O^^  for 

:;;  •      'f'f'''     'i        .::'*.  I    : r  rpedoe^.  distilling  machinery. 

r-  :",i;;'i  tV;,w  ;j,,,.  ..■■..■:■  ..^  ..;-..  .  ;i". ;..!-:-.  o  .il  and  a?h  hoi>ts.  and 
h'.;ir .  <' r,,:if:.  I.i:«.,i:  :  -.[  r/.  *  -  r.r  driving  the  various  machines 
\u  1:,'-  V. 'irk -}.'*;>  ■  ....".  :-  '..-.:'..:-  rl.tn::::::  machines,  shaping  machines. 
/lr:l!;Ftj'  iiia.  r.:r.'  -  ■;.**::  J  :.-..i/:::i .-.  p;:::v:hin;^  and  >hearing  machines 
«  Iff  r.lJiF  ..lu.  rori:;--.  : :-  ?'  r  r  rL.'-.:  ;ir.l  ^.  upper -nuth>*  hearth,  Fletcher's 
pit'nr  f  iip'il.i  f'.r  '  1-'::,^  -r-.ri  ari-I  iT.t-^.  etc.  :  together  with  motors  tor 
tiiiFiin;',  t:\v;'A*,\u^.  ■■i.-.A  i  j^iiiiL;  tile  >.;'.:n."?.  There  was  also,  of  course,  a 
tf,u}yU\r  III  rillaM^n  pp.vided  fur  mtern.il  lighting  and  searchlight>. 
t'i''.ii^i-t  fit'  al>fiu?  *'/>  in».Hnde-cent  Iamp>  of  i^»  C.P.,  head  and  side 
h'fl\\\  .  '.f  -/»  (  .P..  y.iTf\-:\Tu\  retleCtor>.  each  containing  eight  50-C.P. 
1,1  II I  J. ..  with  til*'  \vA:*:-<i:\-  -i;;nalling  lantern  >.  The  searchlights  pnv 
j'(  I'll  v.'F<-  \t,  l,«:  four  in  miTiiber,  24  inches  in  diameter,  with  hand 
,«M'I  .nii'itiiMiH  lamp  t.ikin;^  ka)  a]npere>  each.  The  main  switch- 
li'iaifj.  foi  riioloi^  aii«'l  t(»t  internal  li;^liiing  circuits  and  searchlights, 
with  all  hi  .r- .,  \vit«.lM.-.,  ainnietcr>,  voltmeters,  etc.,  were  to  be  fixed 
iif  ai  thr  dvnanio-. 

With    th  h  :iii  in.4allation  it  is  evident  that  more  than  ordinary atten- 

ti'iii    .hoiiM  Ik-  ^iven  to  the  position  and  dimensions  of  the  dynamo 

r»i»»ni,  an')  « «ni  .««|ii«;ntlv   I   gave  an  entire  compartment  of  the  ship, 

I'xt' mlinj^  liir  wlinjr  bnadtii  cif  the  vessel  just  abaft  the  main  engine 

HM11M  ..  and   having  a  Irngih   (»t    iS  feet,  giving  nearly  1 0,000  cubic  fert 

111    .pa- I',     rp  In  tin- pie-stnt  il   ha>  been  the  practice  to  design  vessels 

\n   raiiy   thi-ii    le^-pcetive   ainianients  with    corresponding   powers  of 

tihriu  I  and  ihlrm  e.  \v\\\\  vvu\x\\\\\\;  \Kiwer  to  give  the  requisite  speed 

ivi r f I  \\\v  I u •  I  e -^'mU  V  *  * ^v\  ^V'^^" ^'^ .  *^^^^\  ^^^  Assx'^w  sviwwi.  s'^jare  corner  oi 
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mentioned  above  are  to  be  carried  and  dri\^4;n  electrically,  the  dynamo  J*^-  ,^^.- 
compartmciit  must  have  a  inucli  more  i  inportant  place.  From  the  rcniarkii 
made  by  Mr,  Richards  it  is  evjdent  that  whatever  other  Governments 
may  be  doing,  the  British  Government  up  to  the  present  time  has  not 
given  electrical  appliances  the  consideration  that  it  would  appear  they 
are  entitled  to.  Up  to  the  present  the  Admiralty  has  no  btmd  fitk 
electrical  engineering  staff.  Men  who  have  been  educ^Ued  iis  naval 
constructors  have  taken  up  this  branch  of  electrical  service,  and 
though  no  doubt  capable  officers  so  far  as  their  training  goes*  must  be 
wanting  in  that  special  knowledge  of  electrical  engineering  which 
is  demanded  for  obtaining  the  best  results  in  the  Navy.  As  the  lirst 
naval  power  in  the  world,  it  does  not  look  well  for  this  country  to  be 
watching  the  expenments  made  by  other  countries,  and  then^  if  suc- 
cessful, adopting  them.  It  may  exhibit  shrewdness,  but  it  appears 
exceedingly^  mean  and  paltry.  Such  a  course  would  be  quite  excusable 
in  the  case  of  minor  powers,  but  for  Knglatid  more  enterprise  is  cer- 
tainly  needed,  and  1  hope  that  Mr.  Grove's  paper  will  do  something 
to  draw  attention  to  this  very  important  matter. 

Mr.  C.  E.  Grovk,  in  reply :  I  feel  greatly  honoured  that  the  paper  Mr.c 
has  elicited  so  much  criticism. 

A  large  part  of  the  discussion,  both  at  the  meeting  and  in  the  com- 
municated remarks,  deals  with  the  present  position  of  the  British 
Admiraltv  i^^  regard  to  electneal  enginecnng  matters,  and  I  will,  there- 
for e,  deal  with  that  first.  For  my  ow^n  part,  I  am  neither  able  to  share 
Mr*  Evershcds  satisfaction  nor  to  go  as  far  as  Mr*  Crompton  in  the 
other  direction,  Mr.  Evershed  appears  to  think  that  it  is  a  fair  subject 
of  congratulation  *'  that  our  own  Navy  is  not  so  far  betiind  the  navies 
of  the  rest  of  the  world."  It  seems  to  me  a  pity  that  it  should  be  behind 
at  aJL  If  I  rightly  discern  the  matter,  the  desire  of  every  patriotic 
Englishman  is  to  see  the  British  Navy  in  ail  respects  well  ahead  of 
every  other  navy  ;  and  considering  the  vast  resources  of  this  country 
both  in  material  wealth  and  engineering  skillj  there  appears  no  reason 
why  it  should  not  be* 

Mr*  Crompton,  I  think,  puts  the  case  for  the  electrically  controUed 
projector  very  strongly,  and  it  does  not  appear  to  me  that  Mr,  Richards' 
reply  on  this  point  is  final.  I  am  inclined  to  begrudge  him  the  satis- 
faction he  derives  from  the  failure  of  such  apparatus  in  the  late 
American  war*  The  American  naval  war  took  place  two  years  ago, 
whereas  »t  appears  that  the  Enghsh  Navy  might  at  any  time  within  the 
last  eight  or  ten  years  have  been  supplied  with  electrically  controlled 
projectors  and  have  obtained  experience  of  them  at  first  hand.  There 
are  many  forms  of  such  apparatus,  and  it  does  not  necessarily  follow 
tbat  because  the  American  type  of  projector  failed  in  particular  cir- 
cumstances that  other  types  must  need  fail  in  other  circumstances. 
There  is  a  general  uniformitj'  of  practice  now^adays  in  foreign  navies  in 
regard  to  the  adoption  of  automatic  projectors.  And  it  is  to  be  ceTOR/wv- 
bered  that  if  the  automatic  gear  fail,  the  projector  is  Vu  no  vjoi^e  ^VaX& 
than  an  ordinary  hand  projector. 

Mr.  Richards'  renmrks  are  particularly  valuable,  Vec^MSC  \ve  m^^- 
C5i/fi5  Oil  many  subjt^cts   whM   the  official  atdtttde   \s»     \   ibiicv^fi.  ^^ 
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I-.'  ''I'.;  \r  .  f'i-  ;  ir-I  .i;  ■  ■:.;  -  :  ..  i^-i.  ;  r.'i.it  tile  convcrsiuii  mi.il:- 
ill  .'■:.?.  'I-.-  :.;.t-.\i:i-.-  c- .-jpcrdtiii;*  with  the  ni;iin 
t',  ir-  -:'.i:;i  <'!:iv..:ri  t ■ -r  the  procnt  were  fct-d  anil 
:i:\f\  f'u-  hk<-.  rv-  iM'jirioncd  rin  paj^c  5S1.  MariiK- 
F■.lh^;  iio-.v  w,i-rt:r'il  thc^c  pumps  arc,  and  tlie 
.11;;;'.'  tF'ui  li;i .  Ik  r;i  :iioi<-  t(i;iii  '.;n.i'.  initdc  tiiiii  it  would  be  economical 
f'l  M  |rI^||(■  .ill  th^:  .!•  piiiiip-^  fii  a  ciMitnil  pump-rcjcim.  where  they  mi|»iit 
!»•  diiv I  II  III  hulk  l«\  i(.f)iif»nii(..il  i.nj^ine^.  Were  thi^  ever  to  he  done, 
I  I  I'll  I  III  rspiM  Mli.it  it  vvoiilrl  l)e  lull  An  intermediate  >tep  to  replacing 
till    .!•  .1111  rliivr  I IV  the  <ii<  hie  flrive,  even  fur  these  services^. 

A  .  n  ;',.ii'l  .  iiii.ilnlity,  I  a^re^*  with  the  remarks  that  have  been  made. 
tli.it  il  (lull-  I  ,  .mv  (jiltcri'ine  lulweeii  the  reliability  of  a  steam-en;:;inc 
.iimI  lli.il  (if  .1  (1\  n.ini'i  ni  iiiottir,  the  advantaj^e  is  in  favour  of  the  latter  : 
but  il  I.  (Atiiiiiiiv  dilln  Jilt  to  ^I't  en;^ineers  who  arc  mechanical- or 
iii.iimi  riijMiiiri  .  willniiil  liritrii al  experience  to  believe  it.  Every- 
biiih  Knnw  .  tin-  j'jr.il  dilln  iiltv  there  lias  been  to  make  people  believe 
th.il  ii.iiiiw.iv.,  I«»i  m^laini-.onild  be  worked  >atisfacloriiy  by  electricitv ; 
.ind  «  v(  11  Mi»w  lli.it  Ml  much  work  has  been  done,  there  still  exists  a 
iM«  .il  di  .il  III  M  (ptji  isiii  .iiid  prejudice.  No  doubt  in  due  time,  when 
I  h  «  Il  w  .{\  IhiM!:^  i.;(l  iiN^d  inme  ]ai\i;ely.  every  engineer  will  have  to  be  an 
I  I.  1  II  ii  .il  I  nsMiuii .  .md  tliini^s  will  then  stand  on  their  proper  footing*. 

Ml  K'li  h.nd  ^  i»lvM  I  \i  s  ihat  iipMii  the  application  of  electric  power 
I.I  woiUin-;  !  Mil  In  I  hi'  uieiuial  iiuestiiMi  ol"  tile  application  of  electrical 
p*'\\.i  will  b*  l.nj'.rlv  di  ruled,  and  tliat  as  a  tir>it  Mep  il  will  be  nece?- 
•  II  \  |.>  i.-nvimr  ihr  iMiiiiu!  v  iMiK  ei--  that  the  ch.tugc  is  beneticial. 
\.'\\  ilti  ni:;i-h  nival  Linnnei  i>  iiilitlevl  Ivi  «^ieal  respect:  he  i>  llie 
\\\  iw  .'n  wlu-.n  wv'  ^!\.\ll  .ill  !-.i\v-  ii>  w  Iv  \\\  {\w  lunir  Ol  need.  and.  :i>  a 
i-..i!i,ii  I.  I    t'W  y\s\\.i:yA  to  li.Mi  Tin   i\ii  lO  -li'.n  .my  day.  for.  as  a  ^imner. 
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Xav7,  hut  in  several  others.  Tlic  subject  is  large  and  very  irnporlani* 
liiid  wants  attacking  boldly.  It  is  incomprehensible  to  me  Ihat  the 
Admiralty  ^honld  be  content  to  wait  for  year*^  to  sec  what  use  other 
Powers  make  of  such  inventions  as  these,  instead  of  conducting  first' 
hand  trials  with  liberahty  and  enterprise  on  promising  inventions.  If 
I  appear  too  dogmatic  in  criticising  one  Government  department,  I 
should  like  to  illustrate  my  remarks  from  personal  knowledge  of  the 
methods  of  another. 

From  1887-1892  I  was  a  member  of  the  staff  of  the  Eugineer-in -Chief 
of  the  Postal  Telegraphs.  This  was  a  period  of  great  telegraphic 
activity,  and  within  it  the  speed  of  Wheats! one  automatic  working  was 
ijicreused  on  several  occasions^  the  multiplex  j^ystem  was  extended  both 
as  regards  the  distances  covered  and  the  number  of  "  ways  "  simulta- 
neously operated,  cable  speeds  were  improved  and  a  host  of  improve- 
ments made  in  all  apparatus,  from  simple  bell  telegraphs  to  high-speed 
repeaters  and  telephone  exchange  apparatus.  Each  of  these  principal 
jobs  was  continuously  watched  by  a  highly  specialised  technical  officer, 
to  whom  no  adjustment  was  too  minute  and  no  detail  loo  trivial  for 
personal  attention  ;  and  who  by  no  means  confined  himself  to  ofiice 
direction,  but  who  controlled  the  practic^il  working  of  the  apparatus  in  - 
the  galleries,  often  for  months  together,  until  the  effect  of  every  change 
had  been  thoroughly  investigated  and  every  difticuUy  that  might  arise 
from  ignorance  or  unfamiliarity  on  the  part  of  the  operating  staff  had 
been  removed.  The  general  result  of  this  system  is  known  to  all  in  the 
premier  position  occupied  by  the  British  Postal  Telegraph  system.  Is 
there  any  ;idequate  reason  why  such  a  promising  subject  as  I  he  appti* 
cations  of  electrical  power  on  warships  should  nut  be  similarly  tended 
and  developed  by  naval  electricians  ?  Such  a  course  would  at  least 
save  executive  officers  from  the  false  position  of  condemning  what  they 
only  imperfectly  understand. 

Mr,  Swinton  referred  to  hydraulic  gun  mechanism,  and  showed 
how  necessary  it  is  jn  moving  gims  to  have  a  slow,  steadj'  action.  I 
am  an  admirer  of  the  simplicity  and  beauty  of  the  hydraulic  mechanism, 
and  I  suggest  that  the  reason  wliy  hydraulic  mechanism  has  been 
brought  to  the  state  of  perfection  it  oecupies  for  gun  work^  lies  in 
the  fact  that  our  particular  firm  of  gun- makers  has  Jong  been  Messrs, 
Armstrong,  Whitw^orth  &  Co.,  who  are  also  our  leading  hydraulic 
engineers.  The  two  systems  existing  under  the  control  of  the  same 
company,  nothing  could  be  more  easy  or  more  natural  than  to  develop 
the  two  together,  Thus  it  comes  abotit  that  we  have  actually  got, 
without  questfoni  a  very  fine  system  of  hydraulic  control.  But  if 
Messrs*  Armstrong  had  been  electrical!  engineers,  and  hydraulic 
apparatus  came  after  electrical  engineering  instead  of  before  itj  this 
story  might  have  been  reversed.  People  who  have  independently 
attacked  the  subject  of  gun-control  electrically  have  obtained  extremely 
satisfactory  results.  I  refer  particularly  to  the  Ward -Leonard  system 
of  control,  which  seems  to  lend  itself  perfectly  to  the  adjustment  to 
minute  fractions  of  degrees  of  the  gun-turrets,  and  the  momentum 
effect  in  that  system  of  control,  I  understand,  is  almost  nvV.  ^x, 
Mordey  tells  me  that  the  same  method  of  control  is  lised  ovet  -^sxA  o-^fet 
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iig^iin  in  lifts,  and  is  quite  successful  where  momentum  effects  hare  to 
be  dealt  with,  and  where  quickness  and  smoothness  of  action  arc 
essential.  It  is  to  be  ohi^ervedj  moreover,  that  for  the  present  puqnose 
tt  is  not  necessary  to  prove  that  electrical  control  is  biittr  than  hydraulic 
control :  if  it  is  as  good^  the  investigation  need  not  be  carried  farther 
from  the  gunnerj^  point  of  view  ;  the  matter  is  then  ripe  for  the  con- 
sideration of  tile  Jiaval  architect,  who  must  decide  as  between  various 
dispositions  of  weight  and  space,  efficiency  as  affcctijig  coai  consump- 
tion and  bunker  capacity,  and  so  on,  as  mentioned  in  the  paper.  Mr, 
Richards  righily  observed  that  the  changeja  are  so  far-reaching  as  to 
amount  to  designing  a  warship  around  a  central  station,  Is  ttiis  an 
insuperable  ditlicuUy  ?  Ships  have  been,  are  being,  and  w*iU  be,  Tear 
by  year,  designed  around  various  arrangements  of  guns  and  armour. 
And  when  the  Bulleville  boiler  was  introduced,  and  it  was  found  ntrct^ 
sary,  m  consequence,  to  reapportion  space  and  redistribute  weights,  the 
changes  were  vast  enough  to  amount  to  designing  ships  around  the 
Belleville  boiler. 

I  turn  now  to  various  points  of  detail  in  the  discussion.  In  rej^ird 
to  working  searchlights  off  200- volt  mains,  I  regard  the  rotating  trans- 
former as  an  undesirable  addition.  The  total  capacity  required  on  both 
the  motor  and  generator  sides  would  be  about  50  kilowatts  ;  hence  the 
weight  would  be  considerable*  The  machines  could  not  be  put  on  the 
bridges  or  masts  where  the  projectors  arc,  but  would  necessarily  have 
to  be  in  some  machinery^  room,  hence  little  saving  of  cable  could  he 
etfected.  For  these  reasons  I  think  if  the  searchlights  could  not  he 
worked  direct  or  by  a  series-parallel  arrangement  as  suggested,  it  would 
be  better  to  have  special  dynamos  and  circuits  for  them  than  to  employ 
transformers, 

1  agree  with  Mr.  Richards  and  Mr.  Noakes  that  alarms  for  the  navi* 
gating  lights  are  not  indispensable.  The  Japanese,  however,  for  whom 
those  described  in  the  paper  were  designed,  think  them  important;  .ind 
hence  they  have  a  place  in  the  description  of  existing  equipnicntjs, 

I  thank  Mr.  Swinton  for  the  information  he  gives  about  turbines 
and  Mr.  Wilde  for  his  interesting  historical  notes.  I  accept  the  correc- 
tion respecting  the  descriptive  title  of  Mr,  Wilde's  miighine.  I  am 
acquainted  with  the  modern  Sautter-Harle  projector,  and  would  ha\tr 
included  particulars  of  it,  and  of  many  other  things,  had  not  the  paper 
already  exceeded  the  usual  limits. 

In  reply  to  Mr.  Allingham*s  questions,  the  lead  cables  are  heavily 
painted  up  when  in  position  on  board,  hence  moisture  does  not  get  k* 
the  lead.  Cables  with  impregnated  parchment  insulation  have  been 
used,  but  have  given  place  to  rubber*  Twin  cables  might,  perhaps,  be 
used  for  the  smaller  sizes,  but  for  lighting  work  single  wnres  are  pfc* 
f erred  everywhere  on  the  score  of  convenience.  Certainty  the  Itrgcr 
sizes  of  cables  could  not  be  twin;  they  are  already  heavy  enough  tiitii 
single  cores. 

As  regards  battened,  \t  m\xst  be  remembered  that  the  pnntanr 
batteries  used  m  tbti  ^av\  avc  ol  exc^^vxvi^^  %^s^  ojsAvty ,  ani i 
not  a  cheap  form  in  lhem^\ves  ^i:^  vv^  ^^^  ^^^^  ^^'^ A  V' v 
CO^Uy  and  less  tto^blewmfe  Wi^n  i^tciimv^^l^, -wNx^^V  ^aas^it.  ^i«k 
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les  been  introduced  for  \vorkiii|T  apparatus,  bat  Vlwax^^  almndoncd  Mr*Gf 
^gmn.  The  use  of  thct  full  lighting  voltage  for  instrument  working  is 
iindesirablL-,  as  there  is  so  mnch  power  behind  it  that  the  ini^trnmcnts 
are  in  danger  of  getting  burnt  up  if  a  leak  is  started  by  u-ioistnre.  For 
some  purposes  small  motor  generators  are  employed  to  give  12  to  15 
volts  on  the  secondary.  The  Barr  &  Stroud  apparatus  is  worked  in 
tliis  \v^\\     Mr.  Noakes  hu^  noticed  that  I  omitted  to  mention  this. 

Mr,  S,  F.  Walkcr*s  communication  contains  several  serious  miscon- 
ceptions, and  I  am  afraid  there  is  not  much  of  value  in  his  remarks. 
Mr  Walker  appears  to  think  that  single-cylinder  engines  working  at 
from  275  to  300  lbs.  pressure  are  used  for  dynamo  driving.  This  is  not 
tlie  case.  The  almost  universal  practice  is  to  use  compound  engines 
strong  enough  to  work  with  t!ie  full  pressure  if  necessary,  but  working 
ordinarily  with  aoo  lbs.  steam,  at  which  pressure  the  steam  is  supplied 
through  reducing  valves.  This,  I  think,  is  a  good  arrangement,  and 
more  economical  than  triple  expansion  engines  would  be,  considering 
the  small  powers  devclopud,  and  the  fftct  that  the  engines  often  have 
to  run  hghlly  loaded.  While  the  older  engines  were  of  open  ty^>e^ 
enclosed  engines  (doubte-.-icting)  are  now  pretty  common.  The  steam 
consumption  at  full  load  with  200  lbs.  stcmn  is  about  28  Ihs.  per  E.H.F. 
hour,  though  I  have  seen  lower  amounts  guaranteed. 

It  is  imperatively  necessary  that  cables  on  men-of-war  must  Itave 
wrderproof  insulation,  and  ttiis  is  an  important  reason  why  impregn;ited 
paper  cables  shonJd  not  be  employed.  Beyond  this,  as  the  paper 
cables  would  have  to  be  worked  at  a  low^r  current  density,  they 
would  be  larger  and  heavier,  while  the  increased  cost  of  the  con* 
due  tor  due  to  w*orking  at  a  low  density  would  go  far  to  pay  the 
difference  in  tlie  co^t  betw^een  rubber  and  inipregnated  paper.  Water- 
tight glands  in  boxes  and  bulkheads  are  made  as  Mr.  Walker  suggests 
they  should  be,  by  sweating  the  lead  covering  of  the  cable  lo  glands  or 
plates  ;  it  is  ohviously  impracticable  to  solder  the  cable  direct  to  the 
bo?t  or  bulkhccui,  hencCt  some  packing  below  the  glanii  is  necessary, 
and  experience  proves  tliat  red  lead  is*  much  less  objectionable  than 
anything  else,  Mr.  Walker  appears  to  think  that  the  Ad  mini  I  ty  use 
ordinary'  loop  lamps,  which  is  not  the  case.  The  lamps  are  made  with 
special  loops  made  of  twisted  phitinnm  wire,  which  last  very  well 
w^hen  accurately  htted.  My  remarks  on  this  point  in  the  paper  had 
reference  to  the  difticulty  in  fitting  originally, 

I  differ  entirely  from  Mr*  Walker's  statement  that  '*  the  gun-firing 
and  torpedo^firing  arrangements  appear  to  be  remarkably  clumsy."  As 
I  have  had  no  hand  in  designing  these,  I  may  say  freely  that,  so  far 
from  being  clumsy,  I  think  they  are  exceedingly  welt  adapted  to  their 
purpose,  the  torpedo- firing  circuit  being  particularly  clever,  and  it  is 
not  clear  to  me  how^  they  could  be  simp  lifted, 

I  find  some  difficulty  in  talcing  seriously  Mr,  W^alker's  suggestion 
that  dynamos  of  very  low^  voltage  should  be  connected  directly  with 
the  hull  of  the  stiip,  the  lumps  and  motors  being  similarly  o^vw^oXt^. 
There  are  more  than  J, 000  points  in  a  battleship  vnVvct^ \^vv\v$i  q\  o'Ocve.^ 
}iujgs  have  lo  be  connected.     Is  it  suggested  lUal  at  aW  ^\a!Cfi^  V5\\^\^ 
Trent  is  required,  sufhcient  difference  of  potential  cqmV^  ^>^  lo>a^ic^ 
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botwcon  points  near  together  to  secure  anytliing  like  uaifonn  and 
constant  lii^hrinj^  r  It,  on  the  contrary,  the  ossumptioa  is  that  there 
should  he  anyihing  like  a  steady  tall  of  potential,  say  from  end  to  end 
Of  from  >idt;  t«>  ^idc  of  the  -^hip.  how  would  it  be  possible  to  dispense 
with  c.thli.-s,  when  the  vt^lt.iji^e  wa>  rcry  low,  and  the  current,  and  coa>e- 
(|n<-ntly  tlurooppcr  on  that  iiccount.  very  heaw  r 

In  c«)ncliisi(jn.  I  wi^-h  to  say  that  I  am  much  gratitied  with  the  way 
my  paptT  ha^  been  received,  and  trust  it  may  be  ot  use  in  advancing, 
to  however  ^mall  an  extent,  this  branch  of  our  profession. 

The  I*kKsrr>i.\T  :  Your  applause  show>.  that  you  approve  of  this 
paper,  anrl  that  ir  is  almost  a  work  of  supererogation  to  ask  you 
formally  to  return  your  thanks  to  Mr.  Grove.  We  aU  feel  a  great 
debt  ot  gratitude  to  him. 

Carried  by  acclamation. 

The  pRKsn)K\T  announced  that  the  scrutineers  reported  the  following 
canflidate>  to  liave  been  dulv  elected  :  — 


Mcmbt-rs : 


\(lsf)n  Graburn. 
Walter  Kiithcrford. 


The    Right    Rev.    Monsignor 
Gerald  Molloy,  D.D.,  D.Sc. 


Assodatc  Members . 


(icorgc  Carrick  Anderson. 
Frederic  Chalmers  Armstrong. 


William  Brown. 
Henry  Reason. 


Associates  : 


IVtcr  Michael  Swan  Hrodie. 
Kenneth  Findlater  Campbell. 
George  Dean. 


Frank  Langley. 
William  Marsh. 
P'rederick  Tolley. 


Thomas  Brown  Wright. 


Si  ltd  en  Is  : 

Pcrcivall'iancis  Crinks.  |       Frank  Heppinstall. 

Alfred  Sadler. 
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The  Three  Hundred  and  Forty-Sixth  Ordinary  General 
Meeting  of  the  Institution  was  held  at  the  Institu- 
tion of  Civil  Engineers,  Great  George  Street,  West- 
minster, on  Thursday  evening,  April  26th,  1900— 
Professor  SiT.VANUS  P.  Thompson',  F.R.S.,  President, 
in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
April  5th p  1900,  were  read  and  approved. 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced^  and  it  was  ordered  that  the  list 
should  be  suspended. 

The  following  transfers  were  announced  as  having  been 
approved  by  the  Council  ;~ 

From  the  class  of  Associates  to  that  of  Members-^ 

C.  J.  Robertson. 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

H,  Wilson  Biigot, 
Hilton  Johnson. 

From  the  class  of  Students  to  that  of  Associates^ 
Guy  D'Arcy  Meyuell. 

Donations   to  the  Library  were   announced   as  having 
been  received  since  the  last  meeting  from  Dr.  W*  ReuHng^ 
Messrs.  VVhittaker  &  Co.,  Mr*  O*  V.  Thomas,  Member,  and 
Mr.    J,    T.  Morris,   Associate  Member ;    donations  to  the 
B inkling  Ftuid  were  announced  as  having  been  received 
from  Mr.  P.  F.  Crinks,  Mr.  A.  B.  Field,  and  Mr.  G.  E.  V. 
Thomas  ;  and  to  the  Hent-vokut  Fund  from  Messrs.  Pirelli 
&    Co.    (Mihm),    Maschinenfabrik  Oerlikon^   Findlay  Dur- 
ham and  Brodie,  Johnson   &  MattheVi  James  Williamson 
&    Son,  Vi trite   Works,    Limited,    Rheinische    Glasshutten 
Actien    Geselbchaft,    Bt^dermann  &  C^.a^mko^^^,  K.  ¥vx\\-\^- 
more  &  Co,,  The  Steel  Conduit  Company,  T\\o\\\^^T!'3*?i\o^i 
f:  Espir,    The   United  Electric    Company    (^\tvcawAe'=.e^v>X 
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Iwimp  rx-pirtmcnt),  McAlpine  &  Co^  The  British  Thom- 
son Hoii-toii  Company,  and  A.  H.  Bate;  to  all  of  whom, 
on    the    motion    oi  the    President,   a   vole  of   thanks   was 

u nan i  moi  i-.i y  accorded. 

Mc'^-.r-.  K.  C.  Smith  and  E.  D.  PhilHps  were  appointed 
scriitinee:rs  of  the  ballot  for  new  members. 

The  Fresidp:\t  :  In  accordance  with  Article  45,  it  is 
my  dnty  Ut  read  to  you  the  list  of  Council  nominations  for 
election  at  the  Annual  General  Meeting — the  election  of 
Council  and  Honorary  Officers  for  1900-1901  : — 


MKMfiKRS    NOMINATKD    BY    THE    COrXCIL    FOR    OFFICE 

I\    iqoo-ujoi. 


Siiminatiuii. 


Rcmnitiitj^  in  Of  fin 


Js  Prc>iii€nt. 
Professor  J.  Fkrry,  F.R.S. 

As  Vici'-Presidenh  (4). 

i   W.   E.  LWGDOX. 

Rcmnimuil  ill  Otficc.  \  Jamk^  Swimu'KXK. 

(  K.  Kaye  CiKay. 
Sew  Snmiiuition.  E.  Mascakt. 

Ordinary  Members  of  Council  (15). 

(  Major  P.  Cardew,  R.E. 
John  (iAVKY. 

ROHKKT  HaMMOXD. 

A.  ].  Lawsox. 

v.  V.  Li'KK,  C.I.K. 

W.  M.  MOHDEY. 

K.  V.  Sellox. 
I  A.  A.  Campbell  Swintox. 

H.  H.  ClJXYXGHAME,  C.B. 

Hexky  Kdmuxds. 
S.  Z.  dc  Kekraxti. 
Hrcio  Hirst. 
J.  P:.  KiXGsncRY. 
C.  W  Sparks. 
\  A.  P.  Trotter. 

Associate  Members  of  Council  (3). 

\  S.  Vauus\\ya>. 
Ramtininfi  in  OjJ\cc.  \  \^.  \\^\\^v.\Ac^>^.C. 

New  Nomination,  VC  •  ^.  Coovv.u.  ^V  A.  V.^c 


Kcii'  Wnniuatious.      < 
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OFFICERS    NOMINATED    BY   COUNCIL    FOR    1900-1901, 


For  Bt'Ekctian. 


For  R€'EltcUoiu 


As  Honorary  Andihrs. 

j  R  C.  Danvers. 
i  E.  Garcke. 


As  Honorary  TrtasurtK 
Professor  W.  E.  Ayrtok,  F,R.S. 

A$  Honorary  Sialic iiors. 


vmuc  L. 

Past -F^resi  dent. 

ASTO«,,  L6NDX   ***0- 
TitetN   rOWNDATiON3, 


For  Rc-Elecfwn,  Messrs.  WiLsox,  Bristows,  and  Carpmael, 

I  have  now  much  pleasure  in  calling  upon   Professor 
George  Forbes  to  give  us  his  paper, 


ON  DISTANT  ELECTRIC   POWER  TRANSMISSION. 
By  Professor  GEORGE  Foi?BES,  F.R^S.,  Member, 

Your  President  did  me  the  honour  to  invite  me  to  read 
a  paper  on  the  subject  of  the  distant  electric  transmission  of 
power,  to  which  1  have  devoted  much  attention  during  the 
last  ten  years.  From  the  remarks  he  made  at  the  time^  it 
seemed  to  me  that  what  he  most  desired  was  a  description 
of  the  works  of  this  character  which  have  been  established 
in  different  parts  of  the  world,  with  the  object  of  provoking 
a  discussion,  on  their  various  merits  and  defects^  by  members 
of  the  Institution,  I  regret  that  to  myself  it  seems  undesir- 
able that  any  one  should  give  to  the  Institution  descriptions 
of  works  carried  out  elsewhere  if  he  has  not  an  intimate 
personal  practical  knowledge  of  the  works  ;  but  in  view 
of  the  fact  that  the  discussion  of  this  paper  may  bring 
out  information  from  those  who  have  actually  had  the 
handling  of  such  works,  I  have  yielded  to  the  President's 
wish  to  a  certain  extent.  The  first  part  of  the  paper  is 
devoted  to  the  description  of  certain  selected  transmission 
plants,  each  one  put  up  by  a  different  contractor,  and  each 
one  having  some  special  point  of  interest.  But  1  must  freely 
confess  that  the  only  one  of  these  of  which  I  have  that 
intimate  practical  knowledge  which  enables  OTve  Vo  "^3^^^ 
on  the  merits  or  defects  of  a  scheme  is  the  p\au\.u\'ti\^^'t^ 
F^IJsj,  the  phns  for  which  were  prepared  b^  viae  m  \%qic>  ^k^'^. 
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carried  out  between  that  date  and  1895,  and  the  actual 
working  of  which  I  have  thoroughly  investigated  up  to 
the  summer  of  1899,  ^^Y  ^  study  of  the  journals,  log-books, 
a^d  complaints  from  consumers  about  faulty  supply.  Con- 
cerning the  other  installations,  I  have  had  to  make  use  of 
the  printed  descriptions  appearing  in  technical  and  other 
journals,  which  are  always  liable  to  mislead,  especially  as  to 
the  satisfactory  nature  of  the  supposed  uninterrupted  supply 
of  power. 

The  second  part  of  the  paper  deals  with  some  of 
the  problems  that  face  the  consulting  engineer  in  his 
attempts  to  introduce  the  highest  economy,  especially  in 
the  transmission  lines,  as  this  is  the  most  important  part 
when  the  distances  are  great.  To  these  sections  of  the 
paper  some  words  have  been  added  to  give  a  general  view 
of  the  methods  in  use  by  different  contractors.  Hitherto 
manufacturers  and  contractors  in  this  country,  having  few 
great  water  powers  in  Great  Britain,  have  neglected  to 
attempt  the  supply  of  suitable  machinery  for  other  parts 
of  the  world,  and  run  a  risk  of  being  passed  over  entirely 
in  the  future  as  they  have  been  in  the  past,  when  tenders 
for  the  electric  utilisation  of  water  powers  are  asked  for; 
it  is  perhaps  wrong  to  say  that  they  have  been  overlooked, 
and  more  just  to  say  that  they  have  refused  to  undertake 
such  w^ork.  1  venture  to  put  forward  the  opinion  that  this 
is  unwise,  and  I  trust  that  the  immediate  progress  that  we 
expect  in  the  transmission  of  power  generated  in  the  neigh- 
bourhood of  coal-pits  will  lead  the  manufacturers  of  this 
country  to  appreciate  the  large  field  that  is  opened  to  them 
abroad  for  the  utilisation  of  water  power. 

If  this  be  done  I  believe  that  British  manufacturers  may 
work  upon  new  and  independent  lines  and  that  they  will 
have  a  large  outlet  in  our  Colonies  and  other  parts  of  the 
world  ;  because  out  of  numerous  tenders  that  have  been 
submitted  to  me  for  the  transmission  of  power  from  water- 
falls, none  of  the  foreign  firms  who  have  tendered  seem  to 
me  to  have  started  on  the  best  lines  for  making  such  a  work 
successful  and  absolutely  free  from  interruptions. 

If  our  manufacturers,  owing  no  doubt  partly  to  the  fad 
(hat  their  hands  'are  luW,  XxTivvi  \Nviiiv\  wwNsvUvn^r  to  undertake 
these  great  works,  \v\\\\e  \oTvi\^v\  '^wvw^  \y\n^  \^^^w  vk^^s^y^^i    . 
splendid  start,  it  musl  be  ;x\\o\\<t^  V\:\'^\-  V^^  ^"^^^  ^^  t^\^^^ 


imKii 


FORBES:  ELECTRIC   POWER  TRANSMISSION. 


631 


in  our  Colonies  is  also  largely  due  to  the  timidity  of  nur 
fuiancial  men.  It  is  not  in  this  country  thiit  yon  would  have 
found  men  with  the  boldness  to  ri^k  their  capital  in  transmit- 
ting and  distribtiting  electricity  ft>r  power  pin  poises,  at  a  date 
(1890)  when  tliere  was  only  one  example  of  such  transmis- 
loji  anddrstrihulion,  viz,,  in  a  small  village  near  the  frontier 
of  France  and  Switzerland*  Nor  would  confidence  have 
been  placed  by  them  in  an  electric  transmission  by  means  of 
alternating  current  at  a  date  when  there  was  not  u  single 
idiernatmg-current  motor  in  commercial  use^  nor  in  the 
advantages  of  lo%ver  frequency  than  any  which  had  been 
thought  of  up  to  that  date  (1H93),  when  nine-tenths  of  the 
tnembers  of  this  Institution  who  rose  lu  discuss  the  question 
condemned  a  frequency  of  25  periods  per  second  as  ini- 
[xissible  and  extrav*agant.>  Our  capitalists  are  too  apt  to  say 
that  such  things  are  too  experimental,  when  any  step  is  taken 
to  improve  methods.  Yet  the  capitalists  in  America  who 
undertook  to  utilise  the  Niagara  Falls  did  all  these  things, 
made  a  commercial  and  engineering  success  of  their  works 
and  have  been  imitated  in  their  methods  all  over  the  workL^ 
Attention  must  now  be  drawn  to  a  few  of  the  most  inter- 
esting cases  of  using  electricity  for  developing  the  power  of 
waterfalls. 

L  Of  the  various  plants  for  transmitting  electrical  power 
ham  waterfalls,  one  which  derives  its  chief  interest  from 
Uie  greater  distance  to  which  the  energy  is  transported^  is 
in  South  California  at  San  Bernandino  and  Los  Angcl*!!^^ 
carried  out  by  the  General  Electric  Company,  U,S>A. 

The  water  is  taken  from  the  streams  in  the  San  Bernan- 
dino Mountains^  and  it  is  carried  in  canals  and  ttmnels  for 
about  two  and  a  quarter  miles.  It  develops  power  under 
the  head  of  over  700  feet,  three-phase  electric  currents  arc 
there  generated  and  raised  by  transformers  to  a  pressure  of 
1 3^000  volts,  and  the  current  is  transmitted  over  a  distance  of 
>o  miles  to  Los  Angeles  ;  Ho  per  cent,  of  the  water  conduit 
'     la  in  tunnel,  and  of  the  rest  part  is  open  masonry  canal  and 

*  The  luiqiulilicd  5Ucoc^  nf  low  fre<jtien<:y  at  Niag^ini  Pull*  tia*  now% 
^^^wc*f-  ,.,.,.+.+  ^ygi,  (nnncr  « i|tpoiR'iU&,  m<X  thi*  tnstilulion  passed  a 
^Hra*'"  yc.ir  t1i.it  ;i  frft|uaicy  i4  2$  *tioulcl  he  a  ^Und^rd  tor 


"^ijTjIy  rm.iiii  lal  iirwup  wlit*  <£VtT  in  thU  iiutntry  hhovvt'd  such  boldtir  . 
c  mjUtT*  ua^  thi'  batid  of  men  who  rci»IiM.*fj  that  Fcu*nlt'%  tH\t\..\\A 
•«  rigia,  iind  whw  «Urted  the  L^fid<»n  EVocltic  Supp\^  Ovw^^v^^^ 
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the  remainder  timber  flumes.  There  are  i8  tunnels  whos*; 
total  length  Ls  11,555  feet,  the  longest  being  2,074  ^^**" 
There  are  2,662  feet  of  woudeti  flumes,  167  feet  of  open 
masonry  canal,  121  feet  for  a  sand-boXp  and  57  feet  of 
reservoir  and  forebay  at  the  head  of  the  penstock.  The 
water  is  taken  from  a  point  3,422  feet  above  sea-Ievel,  the 
power-house  being  at  a  level  of  2,670  feet  i  the  slope  of  the 
canal  is  9*5  feet  per  mile,  leaving  an  available  head  of  728 
feet  at  the  power-house.  The  streams  used  are  the  Santa 
Anna  River  and  the  Bear  Creek, 

The   best   description  of  the  Civil  Engineering  Works 
is  given  in  the  Engineering  N€U%  New  York,  March  9,  1899  :— 
Pelton  wheels  are  used  with  a  nozzle  3^  inches  in  diameter^ 
the  wheels  are   82    inches   in    diameter,  the  regulation  is 
obtained  by  deflecting  the  nozzle  from    its  most  etfective 
posilioji    as    the    load    falls    off ;    four    such    wheels    and 
generators  are  in  place  j  the  generators  dehver  current  in 
three  phases,  and  the  revolving    wheels    carry   20  poles^ 
the  armature  being  externill,  each  generator  dehvers  1,000 
horse-power,   running  at    300  revolutions  and  giving  750 
volts.     There  are   twelve   transformers   in   banks  of   three, 
on    foundations   of   steel    beams   and   concrete,    30    in  dies 
above  the  floor  for  the  purpose  of  coohng  by  a  forced  air 
draught*     Each   transformer  raises  the  pressure  to    19,000 
vohs,  making  33,000   volts  between  wires  on   the  3 -phase 
circuit,  the  Star  connection  being  used  ;    ^ths  of  an    ounce 
pressure   is   used   with  blowers  280  inches  diameter,  each 
requiring  three  horse-power.     There  are  two  3- wire  circuits 
of   No.  I  (B,  and  S.)  copper  wire,  and  the  insulators  are 
placed  on  the  posts  at  the  angles  of  an  equilateral  triangle* 
These  insulators,  nver  6-1  nch  diameter^  are  hell-shaped,  of 
glazed  porcelain,  and  are  bolted  to  the  cross-arm.    There 
are  44  posts  to  tlie  mile  of  white  cedar,  from  35  to  65  im\ 
high,  with  8-inch  tops*     At  Pesadena  the  voltage  is  reduced 
by  oil-cooled  transformers  to  2,200  volts,  and  the  current 
is  used  to  work    a  synchronous    motor  which   drives   a 
direct-current  generator  of  525  kilowatts*     At  Los  Angeles 
there  are  six  250-kilowatt  transfonners  reducing  the  electric 
pressure  to  2,20a  volts^  and  four  sychronous  motors  which 
drive  generators  for  hghting  with  continuous  current.     Tht 
information  which  would  be  most  useful  as  to  the  result 
of  working  this  pVaul  xnomVA  >oe  lateoMX  ^Jcvie^  cominuity 
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working  and  freedom  from  inteiTuptions,  Such  informa- 
tiun  cannot  bt?  obtained  accurately  except  by  a  prolonged 
stay  at  the  spot>  examination  of  journals,  etc.  I  am  unable 
to  assist  in  this. 

IL  The  Snoqualmie  Falls  have  been  develt>pcd  for 
transmitting  power  to  Seattle  and  Taconia^  by  the  Westing- 
house  Company,  U.S»A.  The  features  of  greatest  interest 
in  this  case  arc  the  use  of  the  high  electric  pressure  of 
30^000  volt%  and  the  use  of  aluminium  for  the  conductor 
on  the  long  transinis.sion  line.  U  is  impossible  for  any  one 
to  know  what  success  has  attended  these  novelties,  unless 
he  were  to  nrxamine  not  only  the  plant  but  the  log-book 
and  correspondence.  Continuity  of  performance  is  of 
prniiary  importance^  but  we  cannot  tell  from  published 
accounts  whether  this  has  been  attained  m  the  present 
plant  with  30,000  volts.  Also  w*e  have  not  any  means  of 
knowing  what  success  has  attended  the  use  of  aluminium 
wire- 
In  the  developiiicnt  of  the  Snoqualmie  Falls  a  vertical 
Iiaft  has  been  dug  260  feet  deep,  to  feet  by  25  feet,  and 
the  tailrace  tunnel  is  200  feet,  A  7  feet  6  mcli  steel 
penstock  is  in  place,  and  there  is  room  for  another,  The 
underground  chamber  for  maclnnery  is  200  feet  long, 
40  feet  wnde,  and  30  feel  high.  The  penstock  is  connected 
at  the  bottom  to  a  steel  receiver  10  feet  diameter,  i  inch 
thickp  and  80  feet  long  horizontally,  besides  60  feet  length 
of  pipe  7  feet  6  inches  diameter. 

There  are  four  1,500-kilowatt  ^-phase  alternators  at  a 
frequency  of  45  cycles,  .and  at  t,ooo  volts.  The  armature 
rotates,  and  is  8  feet  diameter,  and  weighs  over  10  tons. 
Laminated  poles  arc  cast  int(i  the  field  frames. 

Transformers  of  500  kilowatts  with  oil  insulation  are 
used.  Mesh  connection  (or  A)  fur  the  tluee  phases  is  used 
both  in  primaf  y  and  secondary- 

As  to  the  high-pressure  transmission  line  of  30  miles,  it 
is  siiid  tliat  33  tons  of  aluminium  are  used  for  going  to 
Seattle  and  34  tons  for  going  to  Tacoma,  and  that  e;ich 
rotite  has  two  separate  3-ph;ise  circuits  with  30  inches 
between  wires,  that  the  average  span  to  Seattle  is  uo  feet  and 
10  Tacoma  150  feet,  that  Nos.  i  and  2  B*  and  S.  gauge  and 
Mclntyre  joints  are    used.    There    is    some    Avsctit'p^woj 


^  bfiitb 

luf  Mr  Scott,  ol 
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III.  The  Fadensai  deirdofxnefil  of  the  Addi  Rir^  fur 
^i.t^.!i  ;,.^  electric  energy  to supplciDcnl  that  in  %xs^  M  3klikn» 
;j  of  53  Icilofoctres  derive  its  chief  special  tnterot 

I  rm  the  fairt  thai  the  eficrgr  is  generated  direct 

Hi  -i,  r,.,.^.«^t/jr  at  the  comparatively  hjgh  electric  presssitrc 
4>f  13,500  vriU%  the  plant  hailing  bcren  designed  and  oon- 
utriiiterl  hy  J^le^srH.  lirowfi,  Boveri  &  Co.  The  only 
rilher  phtnt  hi  the  world  which  can  be  compared  in  this 
fr;itiire  with  Faderrta  is  the  transmission  by  the  General 
Klfctric  CfHnjKiny,  U.S.A.,  from  Mfchanicsville  to  Schenec- 
tady^ where  both  generator  and  motor  are  used  at  io«ooo 
voHh  without  the  inter%^'ntion  of  any  transforiner- 

It  would  he  iiitae^ting  to  discuss  the  hydraulic  part  of 
the  Wfirk  at  i^aderna,  but  it  is  advisable  under  present  con- 
thliuuH  to  crHifinc  remarks  as  far  as  possible  to  some  of  the 
ek'ctnc  tletaih,     Under  the  former  heaci  it  may  be  said  that 
tlie   111  I  till  MM  in  iluw  ai  the  river   is   taken   at  45    ions  per 
neeond*    The  dam  is  150  metres  lung»   The  canal  has  a  slope 
ni  i  per  cent.,  givin)^  a  velocity  of  2*70  metres  a  second  when 
the   tlow  IS  the  maximum  allowed   for»     There    are   Ihrec 
tmmeh,  whose  total  length  is  1,686  metres.     The  open  canal 
\>^f^Hx  metres.  The  toial  fall  varies  fi  om  28'82  metres  to  24 
metie**.    The  total  head  available  is  constantly  22-85  nietu  -. 
and  the  !*netion  varien  from  6  metres  to  2  metre*;,  giving  a 
total  ptnver  of   13,000  H.H,1\     The  type  of  turbines  is  hi 
loiitaltLMS,  double  turbine  to  balance  pressures,  radial  mU^.- 
fillHl   axini    outlet.      Each  double   turbine    devdopes   1,160 
H/H.l\  at   t86  revohiltt>iis  per  minute*     A  safety  % 
piuvule<l»  but  IS  iiot  requirvdp  as  u  was  found,  when  w, 
I  he  otillet   o)   A  UiVVv  \o;\A!cA  \\xdm\^  in  two  seconds^  f 
(he    pi%*sMiu*  ruse  ou\^  <)  ^>t  \o  \\\^xe^  ^\^&M»aR.  ^^acaciMj,  SJ)^ 
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The  dynamos  are  of  the  well-known  Brown  construc- 
tion* Each  is  of  2,160  H.P-  at  180  revolutions,  and 
developer  three-phase  currents.  The  armature  is  fixed  and 
extertial  (o  the  revolving  field,  which  carries  28  poles  of 
steel  with  laminated  horns,  The  poles  are  wound  with 
copper  strip  edge-on*  Tlie  diameter  of  the  revolving  field 
is  4'i  metres,  and  that  of  the  whole  niLLcliine  is  5^14  metres. 
The  exciter  is  in  line  with  the  alternaton  The  frequency  is 
42  cycles  per  second.  The  normal  pressure  is  13^500  volts 
at  the  terminals^  and  the  current  should  be  64*5  amperes 
per  phase  with  an  induction  factor  of  1,  or  79  amperes  with 
37'^  of  lag.  The  efficiency  in  the  former  case  is  95*1  per 
cent,,  in  the  latter  93*4  per  cent.  The  maximum  rise  of 
temperature  is  28*^  C,  The  machines  were  deliberately  tested 
at  20,000  to  21,000  volts,  and  it  h  said  that  accidentally  they 
were  caused  to  generate  current  at  30,000  volts  without 
injury. 

The  line  consists  of  three  independent  three* wire  cir- 
cuits on  two  lines  of  posts  two  metres  apart,  the  distance 
between  any  tw^o  wires  of  one  circuit  being  0"6  metre.  The 
mean  distance  between  the  posts  of  one  line  is  60  metres. 
The  distance  of  the  high-tension  transmission  is  32,500 
metres.  The  wires  are  of  copper,  g  mm,  in  diameter,  the 
ohmic  loss  is  8'i  per  cent,  and  the  total  loss  is  ti"7  per  cent, 
for  a  lag  of  37^.  A  lag  of  45^  has  l^een  observed  with  a  line 
on  short  circuit,  Wurtz  lightning-arresters  are  used  at  both 
ends  of  the  line  on  tw^o  of  the  circuits,  and  Siemens  and 
Halske  horns  oji  the  other. 

At  Milan  the  pressure  is  reduced  by  Ganz  transformers 
of  350  kilowatts,  and  transmission  gives  place  to  dis- 
tribution* 

The  above  statements  of  facts  are  on  the  authority  of  E. 
Vajxnottij  and  were  published  by  Le  Genie  Civil,  Paris, 

IV,  The  Rheinfelden  plant  is  here  mentioned  to  allow 
of  discussion  on  it,  and  because  it  is  the  most  successful 
development  of  a  low  fall  on  the  general  lines  of  the 
Niagara  undertaking.  It  resembles  Niagara  in  using  a 
vertical  shaft  for  each  turbine  and  dynamo.  It  differs  from 
Niagara  in  having  four  different  types  of  dyuauio-s,  ^^xvvei 
giving  continuous;  and  others  aUernalwi^,  c\iYTct\\.  '\\\fc 
turbinv^  are  by  Ei^cber  Wyss,  the   dynaiiios  \y^  Oitiv\\Vciw 
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iHt  ffM*  ^mr  in  which  he  Hm  wtnUtd  mH  die  m^bod  M 

th  r    '        ,,m^  ^  iiy^  wc3fk  te 

h<      ,  <')»t  atleotitMi.    I  csodd 

HiisfiHtin  eiM*4  wffkh   have  coriNr   under  my  own   noint 

#^**r<»  (iv  n\    \¥Hh                fOUB  ctirrenU   would  pw 

N4(ef   re-  M«    I  Ik*                   fiystem   with    aUcrnatisig 

V(.  Hnvirfti  l^jil^riiul  yrmr  Prenidcrnl'**  wish  and  put 
hi^#tilil  im  n  Imniq  i>(  cliHUiHirin  Mottu?  ol  the  pbintii  n\ 
iUtlHtu}  \mU  itl  \\w  wnrld  with  the  aclual  wi*rking  of 
Whh  (i  (  IhiVf  riir(»i.K  fnvil  ex|H-rii^ncc%  it  in  a  pleasure  nmv 
fn  I  If  Ml  ft*  Hit*  wurk  nf  thf  NiJ^ani  Isilb  I*owi*r  Company, 
iMUi  iMHii//  llir  iviiikinij  of  which  I  may  be  ublc  to  Hupply 
iK^'hil  inrMtHiiiliinu 

I  fin  iiMt  piupcmt*  here  U)  |{ivc  u  full  account  of  tlu- 
tiiiuhliu'iv  vvIiIlIi  \vc  havt^  iiiiulc  use  nf.  It  has  been  weil 
ili'Hi  Mind  \n  the  rfliniiuiin  V*U\\iuiau  Icic  \4uuiaryr  1900, 
If  udl    be   bulUi    to  ^wss  \v^\v\\n  ci>sct  V\\\s  v^t^^ '^^^  ^«^^^ 
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more  aUenttoii  lo  the  lessons  to  l>e  learnt  t'roni  the   \xw 
j^ii-s  of  working. 

This  plant  derives  its  chief  interest  irom  the  folknvmg 
facts: — I.  It  was  the  fust  place  except  (lyotuiax  where  ;i 
scheme  was  started  on  for  genenittn^  eleetricity  at  a  water- 
fall, traiisinitting  it  to  a  distance,  ^nd  tliNtriinitmy  it  tt> 
consumers  for  power.  2.  It  was  and  is  tlie  largest  project 
of  the  kind.  3.  It  wxs  the  fii^t  case  ot  using  the  alternatuig 
cnrrent  fur  power  commercially*  4*  It  Wtts  the  hrst  case  in 
practice  where  the  commutator  for  contnuums  eui  rents  wan 
placed  at  the  distant  end  of  the  transmission  litie,  5,  It 
was  the  first  plant  to  adopt  low  frequency.  6,  All  the 
generators  are  of  the  same  si/e  and  pattern.  7-  The 
Niagara  system  in  its  general  features  has  been  atlopted 
in  almost  every  suhscqucJit  electrical  development  of  wate* 
powder.  The  principal  feature  of  the  dynamos  is  that  the 
shaft  is  vertical  and  that  Ihe  revoivntg  held  has  its  poles 
external  (o  the  armature.  In  the  original  drawings  and 
specitication  issued  in  manufacturers  a  cireulatinn  of  Unid 
for  cooling  the  aruuiture  was  prnvitlerl ;  the  poles  were 
wound  with  copper  strip  and  mica  insulatic*u^  and  not 
with  wire;  and  there  were  nu  hults  on  the  uulsitle  ring  to 
create  undue  air*frielion.  1  allowL-d  the  first  three  dynamos 
to  he  built  without  these  features,  btil  the  last  seven  have 
had  them  reintroduced, 

The  transformers  at  the  powcr*house  are  the  first 
ever  made  of  great  si/.e,  and  also  tlie  first  made  with 
great  attention  paid  to  cooling  by  air-blast  or  nil*  Thc^sc 
by  the  General  tClectric  Company  arc  1,250  II A\  Tlujse 
by  the  Weslingliunse  Company  are  2,500  HA\ 

For  the  factc^ricH  within  half  a  mile  a  subway  is  used, 
which  I  built  of  concrete. 

For  the  new  Carbide  works  a  *'  Camp  *'  conduit,  like 
our  *' Doultorr'  conduit,  is  used  with   10,000  volls. 

For  the  Huffalo  transmission  bare  overhead  wjre  cables 
are  used. 

The  Aluminium  Company  had  great  trouble  at  fir^t  with 
the  rotary  transformers  used  for  com  mutating  the  current* 
These  were,  I  betieve,  the  first  machines  of  this  class  ever 
ordered  for  commercial  use.  The  Math  lessen  Alkali  Work* 
have  eleven  such  machines,  with  one  iudv\c\!un\  wviAvsf?  V^»« 
hurting  the  middle  one.     The  others  ;ue  ^VAr\.ciV  Vxoxvv  <v\v% 
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by  temporary  belts.  They  have  no  hunting,  no  sparking, 
and  no  grooves  on  the  commutators.  Hunting  is  prevented 
by  :i  modification  of  the  Leblanc  cage  on  the  poles.  Each 
machine  has  six  poles,  and  imparking  is  prevented  by  con- 
necting together  metallically  all  die  commutator-bars  which 
are  in  the  same  phase*  To  prevent  grooving  of  commu* 
tators  the  shaft  is  free  to  move  axially,  and  motion  is  given 
to  it  by  an  electro-magnet  and  spring,  the  current  for  the 
electro-magnet  being  periodically  interrupted  by  clockwork 
mechanism  on  the  walL 

The  Carborundum  Company  s  plant  is  chiefly  interest- 
ing for  the  adjustable  transformers,  which  allow  very  large 
variations  in  the  volts  and  current.  These  have  often  been 
described  in  technical  joiirnalSi  This  service  could  not 
have  been  given  had  we  adopted  three-phase  alternators^ 
and  the  rotary  transformers  would  not  have  succeeded  but 
for  our  low  frequency. 

In  the  new  works  of  the  Carbide  Company,  ten  Wagner 
transformers,  each  of  2,000  H.I\,  were  being  put  in  when 
1  was  last  there.  This  plant  is  interesting  from  the  fact 
that  the  serious  short  circuits  frequently  occurring  in  the 
electric  furnace  can  be  satisfactorily  dealt  with. 

Passing  over  other  matters  concerning  which  a  volume 
might  be  written,  it  will  be  well  to  say  a  few  words  about 
the  transmission  line  to  Buffalo, 

The  chief  peculiarity  of  the  Buffalo  transmission  line  is 
that  three-phase  currents  are  used,  though  generated  in  two 
phases.  1  very  much  preferred  alternators  of  two  phases 
as  being  more  easily  tested  and  attended  to,  and  as  giving 
a  more  useful  machine.  Fur  the  transmission  to  Buffalo 
1  had  no  great  preference  for  one  over  the  other,  but  I 
found  that  we  should  be  better  served  by  yielding  to  tlie 
washes  of  the  contractors  and  putting  in  Mr.  Scott's 
ingenious  arrangement  for  changing  from  tu^o-phase  to 
three-phase.     Fig.  1  shows  the  connections* 

There  were  six  bare  cables  on  one  cross*arm  of  the 
posts  all  the  way  frnm  Niagara  to  ButTalo,  but  this  arrange- 
ment is  to  be  altered. 

From  Niagara  \o  Terminal  House,  Bnft'alo,  is  25  miles, 
„      Terminal    House  to  Railway  House  is  2      1, 
i  ri  *,  11  \;\^\\\:\u^       „  \     ^, 
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The  fuIUIoad  inductive  E.M.F,  is  15  per  cent,  of  the 
whole.  At  some  stations  the  current  leads  the  E,M,F. 
instead  of  lagging.  The  Buflfalo  cables  are  three  insulated 
lead-covered  cables  in  a  pipe,  and  the  capacity  of  each  is 
0*55  microfarads  per  mile  from  copper  to  lead.  The 
conductors  on  the  transmission  line  are  o"6  inch  diameteri 
18  inches  apart  half  the  way,  36  inches  the  rest.     The  posts 
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Fit;,  I.— Sketch  showing  traJiafonnation  from  two  phases  to  three  fihasev- 


'are  75  feet  apart.  The  top  cross-arms  are  30  feet  above 
ground.  The  posts  are  8  inches  diameter  at  the  top.  They 
are  not  j^trong  enough  for  the  weight  and  are  bent  badly. 

Originally  a  barbed  wire  ran  llie  whole  distance  over 
the  conducting  wires.    After  the  snowstorm  of  D^ceiwl^^t 
"4th,    1H98,   it   was  removed,      U  was  grouwAed  ^V  ^n^^ic^ 
.second  post. 

Having  looked  oirefully  into  the  causes  cil  ^Mgit^j  w^^^- 
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'^  deUEtc  fBpfif  Aat  hsis  ticciimed  tn  foitr  war^, 
I  I  sajr  ikif  nol  a  ^a^  tflectru:^  trooblc  has  cKXurrec  I 

that  igti;g^  not  be  pcc^ectfcd  tn  any  wambr  pbnt  bid  dawQ 
in  future. 

In  then  fanef  refcnmcc  to  Che  «rtvk  at  Ntag^ni  FaJis 
UEUXf  fcaiMf^  ai  cocBiderablc  import^we  must  be  omitied ; 
but  I  sboiski  Efce  to  dmw  attention  to  the  ingenious 
antofoatic  cahoots  with  the  introduction  of  whtch  1  had 
nodttng  to  do,  and  which  I  am  thcrrfore  free  to  praise,  as 
they  ha^^  hxa  ol  the  highest  value  in  prcrventing  tnlermp- 
tion^  of  soppty  on  tlie  Buffalo  transmission.  The  electro- 
inagnetic  anangement*  which  comes  into  play  when  excess- 
ive current  p;Kse^  due  lo  a  short  circuit,  merely  serves  1o 
start  some  ctock  mechanism  which  after  a  short  period 
cuts  out  the  line  if  the  excessi^'e  current  is  still  passing. 
On  the  Buffalo  distribution  th<se  automatic  cut-outs  are 
set  so  as  to  act  -after  one  or  two  seconds  i  at  the  Buffalo 
end  of  the  transmission  line  after  three  ^seconds,  and  at  the 
Niagara  end  after  four  second?^  Thus  a  short-circuit  in 
Buffalo  cuts  out  the  distributing  lines^  and  no  othen^.  At 
the  Terminal  House,  Buffalo,  it  cuts  out  the  supply  main^i 
but  not  the  transmission  line ;  and  at  Niagara  if  a  short- 
circuit  lasts  four  seconds  the  supply  to  the  transmission  line 
ts  cut  out. 

Another  ingeniou?^  appliance  at  Buffalo  is  a  motor 
supplied  by  the  three  transmission  cables  so  balanced  that 
the  motor  will  not  move  except  when  the  bakinct:  is 
destroyed  by  an  earth  or  short  circuit  on  the  linei  when 
its  motion  removes  the  defective  line,  or  switches  the 
whole  load  on  to  the  other  Itne. 

There  is  a  practical  matter  regarding  the  regulation  of 
the  turbines  which  deserves  notice.  At  the  period  of  ray 
last  inspection  Buffalo  was  supplied  by  two  dynamos. 
Now  tlie  first  three  turbines  put  down  were  regulated  by 
a  purely  mechanical  governor;  the  later  ones  by  a  more 
sensitive  electrical  governor*  It  is  found  in  practice  that 
the  supply  at  Buffalo  is  most  steady  when  the  two  turbines 
driving  the  dynamos  are  regulated,  one  by  a  sensitive,  and 
tJw  other  by  a  coarser  gtivernon 

In    ctniclusiuii    t\l    \i\e^?Ai   tevwaxV.'^  ^^^i^3X  \X\^  Niagara- 
BulhiUi  tratiHmiss\ot\  il  uva^J  be  \t\N.^tc^Vm^  Vo  m^Tv%wxx 
kui>es  ul    u\levvuv^V<^>v\  o\  V\v^  ^vs^t^^^X.  %ara( 
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of  the  Italian  workmen  stole  copper- wire.    They  were  put 

in  prison*  Whereupon  their  relatives  short-circuited  the 
wires.  Boys  threw  chains  over  the  transmission  wires  to 
watch  the  sparks,  until  the  detectives  caught  them.  Short- 
circuits  or  earths  have  also  been  caused  by  fumes  and 
carbon-dust  deposited  on  snow  on  the  insulators,  by  fourth 
of  July  rocketSj  by  sleet,  by  lightning,  by  careless  workmen, 
by  rats.  Interruptions  have  occurred  by  overload  on 
rotary  transformers,  by  attendants  using  switches  wrongly, 
by  Hghtning  arresters,  by  bad  switches  on  consumers' 
premises,  by  accidental  fire,  by  ice-blocks  on  the  canal 
headrace.  Insulators  are  a  temptation  to  the  owners  of 
revolvers,  but  this  trouble  has  not  existed  at  NiagiU^a  so 
much  as  in  Switzerland,  These  are  only  extnicts  from 
the  nearly  complete  list  %vhich  I  made  out  from  four  years' 
working, 

I  now  turn  to. the  second  portion  of  this  paper  dealing 
with  some  of  the  problems  which  I  suppose  have  been 
threshed  out  independently  by  each  one  who  has  had  to 
c^rry  out  any  large  transmission  schemd.  1  wish  to  draw 
attention  to  Lord  Kelvin  s  law  of  economy ^  to  the  use  of 
boosters  and  phase  rectifiers,  to  the  relative  merits  of 
different  kinds  of  polyphase  systems,  to  overhead  and 
underground  conductors,  and  to  the  use  of  aluminium, 

Kelvin's  Law. 

I  should  like  to  see  an  accurate  volume  published  on 
the  correct  use  and  development  of  Kelvin's  law  of  economy. 
Here  1  must  condense.  The  data  on  which  we  choose  our 
current  density  by  this  law  depends  on : — (i)  price  of  copper, 
(2)  price  per  annum  of  the  H.P.,  {3)  interest  on  price  of 
copper-  I  desire  to  draw  attention  to  the  meaning  of  (2) 
and  (3).  When  using  water  power  which  is  unlimited 
compared  with  the  demand,  (2)  is  the  price  per  annum  of 
generating  the  power.  When  the  water  power  is  limited 
and  the  demand  unlimited,  (2)  is  the  selling  price  of  the 
power.  If  the  copper  be  mortgaged,  (3)  is  the  ititerest 
paid  on  the  mortgage,  say  4  pur  cent.  If  the  copper  k  ^A\d 
for  out  of  capital,  (3)  is  the  interest  to  be  paid  m  dm^^^^ 
on  the  capiinJ,  say  15  per  cent.  I  do  not  IhvnV  \\\^\  ^W.eiw'Cxotv 
M^  iKxm  explicitly  directed  before  to  these  poiv\X^* 


jm^. 
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by  ^ 
of  oDTic^.  In  tiie 
,  mi  the  cameftt,  sa 
H  HmttfnSmckm  m  dbe  SMrse^ianl  sna  diroa^iout^  the 
wMnd  gectiofi  of  die  boovter  fine  ■Eqr  be  dereii  miles 
btlore  Sowig  the  some  »  any  sedicMi  of  die  ooo-booster 
in  fndtnstfj  line.  Tbe  third  lectioQ  viD  baire  a  length  of 
Iff  X  1*1  X  fo  mfks  =  12-1  miks ;  the  fourth  has  a  length  of 
I  J)f  mtlei.  Thit<>  on  the  booster  line  the  total  loss  of  40 
(lef  cent  ift  reached  only  alter  traversing  a  distance  of 

inntciicl  of  forty  milen  without  tK>aster5,  and  with  the  same 
itifecl  wirt%  If  ini^tead  of  keeping  the  wire  of  constant 
«*ectlnii  ill  ttir  liooHtcr  line  we  had  kept  the  length  of 
wiH  hnitu  vmh  o(  ten  niilen,  and  had  kept  the  current  density 
i^nimlFiiil,  Ihe  HccHonfil  area  of  the  corfductor  in  the  four 
iiprtiniiu  wiMiM  liavc  heeii  in  the  ratios  1*0,  o'g^  0"8i,  0729, 
wlii^Ne  Hiiin  tH  ,V43^)*  ^'*^*  weight  of  copper  on  the  tioostef 
RV*^liHti  vvuuKI  he  fliiis  reduced  hi  the  ratio  3'439  •  4*  ^^^"•^ 
tlvi*  ethrieOi  V  wiMihl  1h^  65*61  per  cent,  instead  of  only 
On  \\iH  I  eHl.  vvithoul  liooslers  ;  %n\  to  put  it  in  another  way* 
iKv  mmv  him  kl  forty  niilcs  would  be  obtained  on  the 
(v-      '       '        Willi  ;i       V    *  nn  in  weight  of  copper  in  Ae 
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account  of  in  practice.  If  the  efficiency  of  the  ahernating 
current  booster  is  q8  per  cent,  on  ^^^th  of  the  power,  the 
total  loss  in  the  booster  is  t^^^  x  ^f,  =  5^  of  the  power, 
which  may  well  be  neglected  in  a  general  statement  of 
results.  The  effects  of  capacity  and  self-induction  (if 
alternating  currents  be  used)  have  also  been  omitted  in  this 
description,  and  if  not  nullified  the  usual  corrections  must 
be  made. 

Table  I,  gives  the  weight  of  copper  per  horse*power 
and  kilowatt  delivered  at  the  receiving  end  of  a  transmission 
line  one  hundred  miles  long  with  10,000  volts  at  the  gene- 
rating end,  without  boosters^  Le.^  in  one  section.  Tables  IL, 
IIK,  and  IV.  give  the  results  with  boosters  when  the  line  is 
divided  into  two,  three,  and  four  sections  respectively. 
Corrections  must  be  made  for  capacity^  self-induction, 
temperature,  and  sag. 

Another  way  of  working  the  booster  system  is  to  add 
to  the  distance  already  covered  a  new  section  of  the  same 
length  as  previous  ones,  with  the  current  density  calculated 
by  Lord  Kelvin's  law*  In  this  case  the  cost  of  power  must 
include  the  cost  of  copper  up  to  the  commencement  of  the 
new  section* 

We  may  start  with  one  section  and  with  power  costing 
nothing.  In  this  case  Kelvin's  law  gives  the  economical 
inefficiency  =  2  (see  my  paper  before  the  Society  of  Arts, 
November,  1898).     The  weight  of  copper  for  this  section 

per  kilowatt  delivered  =  4  x  1571  (^ij^^)^  In  any  other 
section^  the  «"'',  let 

£„  be  inefficiency  of  that  section. 
^571  (^Sf  ^**  ^^  weight  of  copper  for    „ 

£^  be  accumulated  inefficiency  of  n  sections. 
1571  (y-q^*)^  C  be  accumulated  weight  of  copper ^ 

(In  Table  Vl.  1  call  c^  and  C^  the  copper  factor.) 

Then,  t%  =  1  +   -^ -— -. — ;  r.  =     ^^ 


V7^+ 1        "      e,-l 
Tabh   VL  gives  tJie  values    of   thest:   q\i<.v\\V\\;\^  ^'^^'^    -^ 


6a      rrjfefren  ^  euctwc  powes 

^cciirmt  of  etf oal  len^^  uncarrecleil  for  CJVMtv  and  sdf- 
mductkifj. 

If  now  wc  wiali  Ui  amc  tbm  Ufafe  fcir  other  cx^cs  whcrr 
llic  c'fpl  rif  p0jwtT  h  C^  whidi  oufiiapijods  m  Tahfe  VL  Id 
ain  incrfliciencv  £^ ;  fhea  the  ecoiKMilkal  utdboencv  sjr  f<T 

H  mcUom  is,  "' ^-\aiid  the  economkal  «nrtg|it  of  copper 
Is, 

per  kilcwilt  ddi wed  is  1571  (^)\      (C  ^ .  -  C,  K     In 

tfiit  yimf  Table  V.  has  fscen  computed. 

T^Jt^lm  L  tu  VL  embody  some  ot  the  be^  R2»alts  of  my 
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Htiitly  t)f  tlic  b(jo»ter  method  frcnn  the  year  1894  up  to 
lt>-day,  The  curves  on  Fig.  2  slunv  the  tons  of  copper 
rrqtiired  for  each  Iiorsc-power  delivered  at  different  in- 
el'iieit'jicie^,  [t  will  be  sct!n  from  llieiii  thiit  by  tlic  booster 
ineUind  i  am  able  to  reduce  the  weight  of  copper  (by 
puttinjj  ill  more  turliine!>  and  dynamos)  in  some  cashes  to 
lens  ihan  i*ne  half  of  what  was  possible  by  the  old  system. 

The  chief  advantage  of  using  boosters  Is  to  save  copper 
at  the  cost  of  power  generated  where  the  latter  is  cheap 
and  llie  diHlanct:  very  great*  In  a  paper  before  the  Society 
of  Art;*  in  NiJvember,  i8g8,  it  was  sliown  that  in  the 
ordinary  tnelhud  uf  working  there  is  no  saving  of  copper 
when  the  eitvciency  U  be\o\v  ^o  v^^  ciewV  But  if  we  wish 
it  wc  cao  save  copp^v  sl\\\  VM\\\^t  "b-^  \w^\\m^^^  ^^^>3ex^ 
iliV  I.  »u  i  I .  and  vibing  l\ve  meXVod  wov^  w^voXv" 
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Fig*  3  fKpIciins  the  action  of  bousk^rH  (i)  for  single  or  two 
phase,  (2)  for  continuous  ciirr^ntj  (3)  for  lliree  plnisc.  I 
believe  that  Mr,  Gisbcrt  Kapp  was  the  first  to  construct  ;in 
alternating-current  booster  as  here  sfiovvn. 

Mr-  Scott,  of  Pittsburg,  is  the  only  person  I  know  tjf 
who  has  published  anything  bearing  on  this  j  but  his 
published  statements  are  arithmetically  erroneous,  and  so 
misleading,  and  he  does  not  appear   to   have  noticed  the 
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possibility  of  being  able  to  save  copper  by  reducing  the 
efficiency  below  50  per  cent. 


iHDtrcTioN  Factors  akd  Phase  Rectifiers, 

The  low  power  factor  of  induction  motors,  which  hes 
commonly  between  o^O  and  0*8,  must  be  carefully  taken  it\to 
account  when  designing  any  power   schi^mc  \M\\\^\t:i  ^\^'^ 
arc  used.     Synchronising  motors  can  be  'Ad\u^\ed  so  ^"^  "^^ 
be  without  either  Lig  or  lead.     But  thev  It^iv^  ^^^  b^^^vv  %^^ 


Wr  H^fWiC? 


TdMe  Vtf.   tmif  br^ 
I  wm  wmkinfi  in  0tf 
When  dc^lint;  ^ 


cfcop  of 
ckop  doc 

'  ^^cct  tins  brrlor. 

^loge  is  osed  in 

.^  ccwnpietecl  when 

..«;z-.  ....  u«e  Xagam  schetDc, 

oi  the  world  free  from  tek- 


f^#i(iliffc  ;ind  N^iepbofwv  Ibe  beginner  k  apt  to  lay  undue 
Mf«'*»**  OH  the*  a^lvarrtai^es  of  tinng  an  earth  return  mth  single- 
itf  iyvtt-phun*:  irdnnmumon,  and  overhead  wires.  So  soon  as 
hi^  *  ♦!(*  iiliN*'!  the  effects  of  induction  he  generally  finds  that 
III*'  (tiMiiht  iH  ufrt  wh;it  he  th<JUght,  Take  the  case  of  the 
Nfii|4iir[i-Hnff?ilo  line,  with  cables  0-6  inch  diameter  and 
^i  li'Vi  ut>nv<*  grniiful,  and  using  a  frequency  of  25  cycles  per 
iitniiiKl-  11ir  nnpedance  in  the  siimt  as  with  similar  cables 
(^if  Hfitt  M'liirn)  do  feet  aparl  and  the  factor  is  prohibitive. 


rtitircie  OF  Polyphase  Systkms. 

Ill  i  liiH^-m^  A  |Hilvi^hiise  sysleni  vvc  may  use  t\vo-phasC, 
IH  (hirr  l^UvlHv  h\Vi\^  OT  V\\\^c-\>\t\%^  wvi^u    Three-phase  stir 
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before  this  Institution  in  1893,  For  these  cases  two-phase 
or  three -phasu  mesh  must  be  used.  Three-phase  mesli  sub- 
jects the  transformers  ta  17  times  the  electric  pressure 
experienced  by  three-phase  star,  or  two-phase^  each  earthed 
at  the  centre  of  the  electric  system. 

The  principal  advantage  of  the  two-phase  is  that  the  two 
circuits  may  be  electrically  disconnected,  either  always  or 
else  during  tests.  This  facilitates  the  detection  of  troubles 
and  gives  far  greater  security,  as  1  have  convinced  myself 
beyond  doubt  in  actual  practice. 

tt  has  been  generally  assumed  that,  using  the  same 
electric  pressure,  the  three-phase  system  uses  only  |  of  the 
copper  required  for  the  two-phase.  This  is  founded  purely 
on  the  convention  adopted  in  defining  the  electnc  pressure— 


/Z3£0  VaUs 


Two  phases. 


Fig.  4. 


In  Fig,  4  a  three-phase  star  and  a  two-phase  system  are 
represented,  each  with  10,000  volts  between  any  one  wire  and 
the  middle  of  the  electric  system,  which  may  be  conveniently 
earthed  i  and  the  two  systems  represented  require  the  same 
weight  of  copper  to  give  the  .same  effect  (though  not  the 
same  number  of  insulators).  The  volts  between  neighbour- 
ing wires  in  these  cases  are  17,320  with  the  three-phase,  and 
14,124  with  the  two-phase  ;  yet  the  convention  is  to  speak 
of  these  cases  as  being  17,320  with  three-phase,  and  20,000 
with  two-phase*  This  might  be  an  unobjectionable  conven- 
tion if  the  trouble  arising  from  high  electric  pressure  was 
due  to  risks  of  sparks  passing  from  wire  to  wire,  I  doubt  if 
any  one,  with  practical  experience  of  the  trowW^is  \\\^V  ^o 
arise,  could  support  this  vivw.  Nine-tenths  ol  \\\^  Vtt^v^iAes* 
come  either  from  accidental  or  maliciovis  sV\ot\  c\tc\3\V^>^^ 


f  ■  '  •  • 


■t  *  '     I       •    -  I- 


;.  ;•  :ik;::.-:  '.f  •  •.  ,  r,  yrA"^^'Ji^'*r-.  to  -rarth-     The  ::r:r.:=r 

.  .:.'//.•.  ;:.  P:^'.  2  "he  -«cur:r---  as  nica:sured 
•i:-:  '.r.  ::.  .•:!a*:^r.,  ir.;-!  ±e  "x-et^fat  of  o>rrcr 
:.''    •;»'     :i;i.':  !'.:  •[*.'•-:-;. h.'i-':  ar:'i  for  tw>phiic- 

OvjJ'MKAfy   A?,Ij    r;M>fckOkOrXli  COXDrCTORS- 

'[}»'  '}io;^'-  h'rtAvon  h;ir<;  overhead  conductors  and 
;:i  .'iiat'-'l  ^;if,I'',  iiri^l';r;;roijrifl  ha^.  generally  lo  be  decided 
upo.'i  ' 'if;  ,i'l'-f;ition,  otli^T  than  economy  or  effectiveness. 
I/i  thi  .  country  iii  .iii;it'"'I  <,;il)l«>  will  generally  be  employed. 
In  Hij  .i\vf  A\-\\A\\i\\n\\  i}\  the  line,  which  we  know  how 
»'/  '.oinprn  „iN-  III  ;iMv  ta-.e,  can  be  got  rid  of.  But  the 
'  1^  ' »  .  of  *  .i|i;ii  itv,  \vlii<:h  an:  more  troublesome  to  deal  with, 
;iM  liiMf  }i  UK  MM-.f-H.  Th*;  electric  pressure  to  be  selected  on 
'Ml  \\\\*\i'\'^}\i}\\\\i\  tiatisniiv-^ioii  depends  almost  entirely  on 
\\\i'  fiiiaiir  lal  m\v.  of  the  (jiiestion  regjirding  relative  costs 
\*t\  Ml  Illation.  Tlic  Klicinfelflen  plant  was  the  first  case 
wImm-  iIh-  i-ljTliir  pressure  was  selected  solely  with  a  desire 
to  olitaih  tiic  hrst  rrrMioinv.  In  almost  all  Other  cases  the 
pw  ..MM'  ha.  Inrii  (  hoscn  hy  rules  which  depend  on  the 
tiMixlity  oi  la  Jims,  of  the  engineer,  and  occasionally  on  his 
pa  .t  r\|ii'iirn«r.  We  liave  not  yet  reached  such  pressures 
,v.  irijimr  acTdunl  to  be  taken  of  electric  air-convection  oi 
biii'.h  Hi'.rhaigr  troMi  surfaces  of  small  radius  of  cur\'ature, 
rxcrpi  fni  temporary  experiments. 

AUMINnM   CONDITCTOKS. 

A  lew  Winds  must  be  said  about  the  use  of  aluminium  as 
a  romlintoi.  The  weight  of  aluminium  required  is  almost 
rxarllv  on,'  hah  oi  the  copper  which  would  produce  the 
same  cMci  1.  riie  diameter  of  cable  is  28  per  cent,  in  excess 
ol  one  made  of  cojiper,  and  the  cost  of  insulation  for  an 
underground  cable  is  increased  in  about  the  same  propor- 
tion wlien  we  pass  from  copjH-r  to  aluminium. 

Aluminium  is  iu>l  a  pleasant  metal  to  deal  with,  but  ie 
high  C(Hu\\\c\\v\Vv  \\\U  make  it  invaluable  for  overhead 
hansniissii>n .  W  \^  Vvwc  AVv^  vWV  Wv:  wviv'^V Vi be  supported 
oil  posts  is  haU  vA  cox^vcx^Wv  VW  sxxxVxc^  ^v^^^V.^  S 
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unnd  is  greater  and  its  strength  is  not  great.  The  chief 
drawback  to  its  use,  especially  overhead,  is  its  liability  to 
become  rotten.  This  defect  doe??  not  exist  if  the  metal  be 
pure  and  especially  if  free  from  sodium,  Bui  exposure  to 
the  atmosphere,  espeGially  near  the  sea,  induces  deterioration. 
The  fact  that  aluminium  is  easily  oxidised  ought  not  to 
condemn  it*  The  s^une  is  true  of  iron  and  steel,  and  yet  we 
do  not  hesitate  to  place  structures  of  these  metals  in  exposed 
positions.  Only  we  priint  them  ;  so  I  propose  that  we  paint 
or  varnish  our  aluminium  conductors  wherever  necessary. 
We  have  had  httle  experience  in  this  direction.  I  laid 
out  a  few  hundred  yards  of  J-inch  aluminium  wire  on  a 
Scotch  estate  a  year  ago^  and  am  watching  the  etTecb  of 
weathen 

Ha\Hng  now  dealt  almost  entirely  with  the  work  of 
foreign  manufacturers,  1  should  like  to  suggest  that  a  British 
type  of  power  transmission  might  be  worked  out  differing  in 
some  details  from  what  is  becoming  the  normal  arrangement. 
But  it  would  be  an  impertinence  on  my  part  to  appear  to 
suggest  to  manufacturers  hou^  best  to  look  after  their  own 
interests.  The  reason  why  I  venture  to  broach  this  question 
is  that  I  observe  in  the  many  tenders  that  come  under  my 
notice  for  power  transmission  a  tendency  to  cr>^staliise  the 
proposals  and  to  settle  into  grooves  which  do  not  seem 
always  to  be  the  best.  This  stereotyped  character  has  lately 
forced  itself  on  my  attention  in  connection  with  the  pro- 
posed Mysore  development  of  water  power,  and  electric 
transmission  over  90  miles*  I  received  five  tenders  from 
the  firms  most  experienced  in  this  work  in  Europe  and 
America.  The  most  remarkable  feature  was  their  great 
resemblance  to  one  another  except  in  certain  details.  They 
all  used  3-phase  alternating  currents  generated  at  an  electric 
pressure  between  2,00a  and  3,000  volts.  The  units  varied 
from  1,000  to  1,333  ^^i^*  Three  used  mesh  connections, 
and  two  used  star  connections.  The  frequency  varied  from 
25  to  40,  All  used  separate  turbines  for  exciters.  All  had 
turbines  and  dynamos  on  lire  same  horijcontal  shaft.  The 
electric  pressure  used  for  transmission  varied  from  23,800  to 
30,000  volts.  Three  preferred  oil  cooling  for  transformers, 
one  air-blast,  and  one  natural  ventilation.  The  Uu^  <iQ\x- 
struction  varied  cons/derably,  so  did  tV^e  wcitk^w\%  o^  'C^'v^ 
distant  transformer  station.     It  is  not  desVraV»\e  lo  ^o  \w\\v^^t 


l4i 


f'M^A  m/UmB  fraricr  fNswtr  m  med^  and  gcncfally  to 
#Wc  fmire  0¥crfic^  coodoclaf^  ve  permitted* 
-  f^fn«r  contidetatiofis  hiivt!  a  htranng  upon 
*tw^  It  ^fHTated  by  ^c^m  and  where  tJie 
MHMid,  aJiboijyh  the  dbtinctive  ch^tracters 
'il  iIm  ly^n  14 It-*  «iM'  vrry  tiiarkird.  With  insulated  cables 
IIm^  imhI  nf  ifitMjt^iliuij  liiicc*!  away  from  the  superiority  of 
(W*r  t*V«M  Him  II  [ilhfN  H  cHcqrl  pciliaps  when  ;i  common 
(HlNiM  Im  u«id.  Hii"  H*MtJr  Cause  acb  a|*atnHt  the  use  of 
HMMHMHtMn  U\  yUwv  %\\  tn|v|Hi  luidiM'grourid-  Agaio^  m 
j"  '  ilHiy  p*iwii  4it  the  coul-pils  the  ttnusniissioii 

'^*  ,'  !uvu  liitc  and  imlitatcs 

**♦  \\\*ax^vv\4  ihc  pumtr 

U\\  \\\\^     \^y    \\^v^V     VvV^X«V»d\V  ^^ji&^sxm^  >aicVw«u>  ^ifi^ 
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underground  and  an  overhead  transmission  must  be 
noticed,  viz.,  that  induction  in  one  case,  and  capacity  in 
the  other,  is  the  trouble  that  demands  the  most  careful 
attention. 

It  has  been  my  desire  in  this  paper  to  disclaim  all  idea 
of  teaching  the  members  of  this  Institution  anything  about 
their  profession.  This  is  not  a  class-room.  The  object  of 
this  paper  is  only  to  put  down  a  few  of  the  ideas  about 
electric  transmission  that  have  occurred  to  me  in  practice 
during  the  last  ten  years,  and  which  seem  to  be  the  most 
important  at  this  date  to  draw  attention  to,  and  to  ask  other 
men  of  experience  in  this  work  to  tell  us  some  of  the  results 
that  they  have  obtained. 
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100  MILES  ;    10,000  VOLTS.      TWO   SKCTIOXS. 
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Efticiency. 

Incrticicncy. 

Tons 
H.I 

\  delfvtrred. 

•017 

5917 

227 

•12 

8-27 

•504 

'S2 

yi3 

•333 

•61 

1-63 

•395 

•92 

109 

1-451 

TABLE  III. 

100  MILES  ;    10,000  VOI.TS.     THKKK  SKCTIONS. 


'          Efficiency. 

1 

Inefficiency. 

Total  Copper  per 
H.P.  deliwred. 

•07 

135 

•488              j 

1             -09 

no 

•435 

1             •*» 

9*2 

•393 

•13 

77 

•361 

•15 

6-5 

•335 

•18 

55 

•315 

1                 -21 

1 

4-8 

•300 

•24 

41 

•290 

•28 

3-6 

•283 

•32 

32 

•280 

■36 

2-8 

•280 

I             -40 

25 

•285 

•45 

2-2 

•295 

•51 

20 

•311 

•56 

1-8 

•336 

1             -62 

1 

1-6 

•375 

1              69 

1 

1-5 

•437 

76 

1-3 

•545 

\ 

/ 

■"      1 

1-2 

1            ■'"          \ 

/ 

/ 

II 

1           ''''           \ 
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TABLE    IV. 

irx)  Mii.Ks  :  lo.oco  volts,    four  sections. 


Kftit  icncy. 

Inefticitncy. 

Tom 
H.F 

►.^x;^' 

10 

"    "     i 

9-8             I 

•344 

■21 

4-8 

•267 

•3« 

27 

•260 

^>3 

1       '■' 

•365 

•92 

! 

1 

1435 

TABLE  V. 

100    MILKS  ;      10,000    VOLTS. 
KIOUT     SKCTIONS     OK    DIFFEKEXT    CUKRENT-DEKSITIKS. 


KifiiiciKV. 

Incfliclency. 

Tons  Copper  per 
H.R  delnerecL 

■5} 

.9 

•396 

•50 

.0 

•348 

•45 

2-2 

•330 

•4-^ 

24 

•303 

'3^7 

27 

•273 

•31 

32 

•241 

•-'3 

43 

•207 

•13 

7-8 

•141 
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TABLE   VI. 


Section. 

I 

Eit'icicncy 
of  Section. 

_    -  - 
•5000 

Inefficiencv 
•     of  Section. 

1 

Copper  Factor 
for  Section. 

40000 

E,. 

1   Accumulated 
j    Inefticicncy. 

2000 

■ 

1   Accumulated 
;  Copper  Factor. 

1 

20000 

1           4000        , 

2 

•6909 

1*4472 

46832 

2894 

10*472 

3 

7721 

12952 

56820 

3749 

19245      I 

4 

•8181 

12223 

67223 

4582 

30245 

5 

•8482 

II 789     ' 

77687 

5402 

43425 

6 

■8696 

11500 

88147 

6*212 

5«754 

7 

•8854 

II294 

98601 

7*016 

76*217 

8 

•8978 

11138 

10*901 

7815 

95792 

9 

•9078 

11016 

IT '939 

8608 

117-463 

10 

•9158 

IO919 

12976 

9400 

141*226 

II 

•9226 

10839 

14011 

10' 1 88 

16709 1 

12 

•9284 

10771 

15042 

10*974 

195*012 

13 

•9334 

10714 

1 607 1 

11757 

225*001 

U 

•9376 

10665 

17099 

12*539 

257059 

15 

•9414 

10623 

18128 

13320 

291*  198 

i6 

•^447 

10585 

19152 

14*  100 

327382 

17 

•9477 

10552 

20177 

14*878 

365627 

i8 

•9504 

10522 

21199 

15-654 

405909 

19 

•9527 

10496 

22222 

16*431 

448265 

20 

•9549 

10472 

23244 

17207 

492*664 

21 

•9569 

10450 

24264 

17-980 

539094 

22 

•9588 

10430 

25*281 

18754 

587551 

23 

•9604 

10412 

26*300 

19-527 

638*060 

24 

•9619 

10396 

27322 

20*300 

690652 
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l'«ii  I  up|ii.  I  till  I  ilm-  t«i  tin-  I.Kt  that  I  have  not  luid  time  lor 
•  •  ifinl  hi'l\  III  till-  p.ipri.  Pii»t«-sni  h\)rlH*s  speaks  ol  the  Jtircal 
I'K  ml  ii'»      III  till    II. in  .mi  •  i*>ii  \vh(?i  vtui  have  a  less  etttciency  than 

."    I" I.       I"   111'    ihi-    I.  a   vriv  miiieNtiiii^  statement,   becaiijt 
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[  Prof es^r  Forbes  :  That  is  just  what  I  am  showing  you  how  to   J^^^jj^ 
accompll4i.] 

I  ^ee  thai  one  '^^ction  of  the  paper  i;>  devoted  to  the  Booster 
method  of  working,  and  as  I  s;iy,  I  hjive  not  liad  time  to  study  it 
in  detail,  and  as  my  old  work  is  t:crt;uniy  rJgtit  I  do  not  see  why  I 
shouJd  not  refer  to  it.  In  rcj^Mrd  to  thtf  aut Ivor's  commendation  of  lus 
method,  would  it  be  too  niiich  to  ask  whether  it  is  not  possible  that 
PiofesM>r  Forbes  is  neglceting  a  rather  important  question  in  this 
matter  of  boosters,  viz.,  that  the  power  that  is  transformed  in  a 
t>oostcr  costs  money  for  il^  transformation.  Wlien  you  want  to  keep 
np  the  voUage  you  can  do  ho  by  increasing  the  copper  in  a  con- 
ductor or  by  using  a  boosster  Now  when  you  increase  the  copper, 
what  you  do  is  to  save  power  at  the  expense  of  copper  :  when  you 
use  a  boo^ter  you  create  power  in  tiie  current  that  goes  on  at  the 
expense  of  the  current  that  is  lost  and  at  the  expense  oi  a  niachine. 
In  both  c*ises  you  may  be  said  therefore  to  create  |X)Wer  or  prevunt 
waste  of  power  at  a  certain  cost,  I  may  s;iy  that  some  time  ago  1 
went  into  this  matter  of  comparison  between  cost  of  the  booster 
and  the  cost  of  copper  in  a  conductor  for  keeping  up  the  voltage.  Of 
course  the  liooster  will  do  what  no  increase  ol'  copper  wilj  do.  You 
can  raise  the  voltage  as  much  as  you  like  by  nutans  of  a  booster*  lint 
suppose  there  is  a  drop  in  a  conductor.  Suppose  vou  have  a  conductor, 
for  example,  which  has  been  designed  on  the  Kelvin  rule,  and  yon  have 
a  certain  drop  of  voltage  with  your  current.  Now*  suppose  yon  want  to 
diminish  that  drop,  you  can  do  it  by  increasing  your  copper,  yon  can  do 
it  by  having  a  booster.  Which  is  the  more  economical  I  Well,  it 
depends  greatly  on  wliat  diminution  of  the  drop  you  want  to  produce. 
Secondly,  on  w  hat  is  the  cost  of  the  power  transformed  or  developed 
by  the  bcwster.  Suppose  we  take  it  that  the  transformation  or  develop. 
ment  of  power  in  a  booster  costs  a  times  as  much  as  the  power  direct 
from  the  generator.  We  take  it  that  the  booster  costs  money,  that  it 
needs  attention,  that  there  h  rent,  in  some  ca*£es  there  is  special  ground 
for  it,  and  a  building  and  so  on,  Suppose  we  want  to  make  a  drop  of 
voltage  one  Hith,  of  what  it  is  already.  Then  I  fnid  the  cost^  fust 
without  a  booster  or  any  other  plant  and  the  old  drop,  secondly  with 
sufficient  copper  alone  for  the  lessened  drop,  thirdly  with  the  old  con- 
ductor but  with  a  booster  to  get  the  lessened  drop,  to  be  in  the  propor- 
tions of  2  and  m  +      and  2-i-s[r—  -).     If  J  may  be  allowed,  I  will 

m  \  fn/  "^ 

give  this  document  which  I  hold  in  my  hands  to  the  Secretary  for 
pubh cation  at  the  end  of  these  remarks.  It  contains  some  results  of 
the  consideration  of  lliese  proportions,  H  appears  that,  in  many  case^ 
to  use  a  booster  is  not  so  economical  as  the  use  of  more  copper. 

[The  following  is  the  document  referred  to  bv  Profchsor  Perry. 

**  By  giving  probable  valued  to  in  and  ^,  we  easily  fmd  the  relative 
merits  of  mere  copper  and  of  the  liooster.     The  value  to  be  choose v\  U>\ 
5  depends  greatly  on  the  nature  of  the  work*     In  mosl  caJMi^s  \  t^w^xVV^ 
be  taken  gn-ater  than  j,  or  even  greater  than  3.     U  is  noi  owVv  IVaX  VX'^^ 
booster  cc^fi  money,  ^nd  takc^  up  spage  aiid  mciVs  Ut\\c  mt^A  AlVctxVSa^* 
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^tcfiicd  io  the  Vmled^  Shites  a^  well,  cmJy  Ihc  |Vklrnt  was  rcf  iiM?it  for   ^,*;,^^^ 
tlur  ustia]  reason,  namcty.  llrat  in  Ih^vsv  ibv>  iuwiilor*  in  xhM  ^xninliv 
were  atlo\i^  to  do  what  is  caUttt '"  jiwrarinj;  Kwk.   ,ind  whtTcvcr  a*tiKI 
sw*far  hack  the  hsirdist  and  givt*  the  i*;iflic>t  <latt\  roct  ivxhI  \hv  jv*tont. 

This  is  a  paper  which  t  ^lunild  hkt*  u*  t.tkc  Ihe  whole  cxeiung  to 
discuss  lH?caiisc  it  is  sa  interestiusi,  hut  I  will  »inkc  ^  k-vv  rcin;u  k>  iin 
concisely  as  possible.  With  ir^^^inl  to  iot;uy  cv>iuTvter*,  I  nolicr  Unit 
there  b  a  very  distinct  tendency  to  drop  these  in  favoiir  of  ino1iW'> 
generators,  !  am  very  pi^sitive  about  the  advantn^t^  of  niohw* 
generators  in  one  form  or  another  as  a^^inst  ra^iiic^.  Mv  opinion 
.tjcncmlly  i^  that  rotary  converters  are  very  tt-onbleHomc  and  tricky, 
.ind  (hut  they  are  more  suited  to  water-power  tntn!inii*^Mi>n^  with 
perfect  driving,  than  to  the  ordinary  type  of  electrical  liriieratiiin  hy 
steam  engines.  I  have  seen  American^nnll  rolunes  with  ilu*  cWvice 
described  hy  Professor  Forbes.  n;ntieh\  the  ^hori-circullinf;  piecen 
between  the  poles  to  receive  the  cutieut!*  induced  in  llunn  for  I  he 
purpose  of  steadying,  and  I  have  i^ren  thcni  hunt  aUiut  iw  badly 
as  Ihey  could  do,  so  that  it  was  quite  a  clever  businen^  under 
some  circumstances  to  keep  them  in  step.  Of  cotn'si*  wlierr  the  whole 
insUllation  is  perfectly  plutnied  onh  it  is  not  so  ditbcull,  I  ml  in  cnm- 
pariMvu  witli  other  apparatus  in  I  he  m;ukel  tin*  riiUuv  cuu  verier  h  a 
tricky  thing,  With  rcgiud  to  motor-general i^fs,  I  cuu>idei  this  das'*  *^ 
quile  IJje  best  |o  adapt  for  dealio|^'  with  powtM"  at  Uu-  t ml  of  a  hn^g  liiu* 
where  it  is  to  lie  converted  into  continuous  current  iu  motor  generator**, 
I  am  at  a  loss  to  understand  why  people  ^houlil  use  induction  nuHorn, 
The  principal  Ihing  in  their  favonr  appe;nH  io  be  the  patent  t|ne%tiim» 
Hroadiv;  if  oue  ivad  nut  uny  consideration  of  that  kind  one  wonhlpirlrr 
to  use  the  synchronous  motor  for  tile  tnotor-generiilor,  Tiir  tndncttou 
motor,  as  Professor  Fotbe^  has  stated  hi  iiis  paper,  lias  a  had  t***wei 
factor,  and  a  had  power  factor  \s  the  most  scriau?*  fatdt  po^^sililc  In 
aheruating-ctirrent  woi  k.  Wlien  one  sees  how  perfectly  HVUchronmiN 
motor-generators  hoUl  in.  ami  how  thorougldy  ^^atinfactory  they  iire  in 
practice,  one  carmot  understand  why  some  people  wish  Io  force 
apparatus  of  this  kind  in  preference  Io  taking  what  Is  recommrtidi.n1, 
and  what  in  many  cases  can  be  proved  to  be  a  hrM-chui*  apjiar.dni. 
Plverything  goes  to  s!iow  thai  the  synchiouous  umtof -generator  if  tho 
best  article  for  taking  power  transmitted  from  a  dii^tance,  and  tiirnlnji 
it  into  continuous  current. 

Now  with  regard  to  mnftiphaAe  *y*temi«.   Profe^inr   Fnrl>e*  hai 

dicated  clearly  a  nmst  valuable  feature.  II  doch  not  a|ipear  to  \m 
'generally  realised  what  a  valuable  Ihing  a  two- phase  iy?item  im,  wHli  Itt 
centre  Io  earth  as  shown  In  the  anthof\  diagram.  J  have  never  comir 
^tcroib.  any  one  who  df>es  not  sweni  to  be  tpelhbonnd  by  the  idea  tita!  the 

y  to  trauMmt  power  is  llifec^phase,  4ind  diat  llLree'pha%e  tran^mift^ion 

s  this  wonderful  gift  that  nothing  t-l^e  am  h^vc,ol  lran«nnttmg  power 
at  the  lea^t  possible  co^st,  I  am  glad  lh»t  Proft***nr  Ffirhei  hiii  *hown  fit** 
fallacy  of  that  statement;  it  i*  a  pity  f  mc  h*'id  not  i  '     f  ^ 

doing  ^^  before.     In  regi*rd  Io  the  qn  i  «^hal  in  the  Im  u,  , 

adopt  for  trail "imiKtions^,  it  h  quite  i.-erlam,  a\  Profe^i^rr  tovtwv  Vvak% 
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question,  M^nj  people  are  struggling  to-day,  and  working  hard  and  %ir 
sptiuding  tlicir  money,  and  risking  it — becaust*  it  i^  a  grt-at  risk— to  ^*"^*"^^' 
gt*t  permission  to  transmit  high-prcswre  current  all  over  tlirs  country 
for  the  bciieiit  of  manufacturers,  and  to  put  us  upon  un  e(|u:dity  with 
other  Uidions  wlio  have  these  advantages.  Now  the  ordinary  legal 
procL-dure,  in  the  c;ise  where  a  man  is  accused  of  a  crime,  is  for  one 
man  to  prosecute  him,  but  an  able  lawyer  is  always  to  be  found  who, 
however  well  convinced  he  may  be  that  the  man  has  committed  the 
crime,  is  rei*dy  to  do  his  best  to  get  him  act|uitted.  We  do  not  want 
electrical  engineers  to  follow  on  these  lines,  and  J  trust  that  when 
the  Hills  for  Power  Supply  are  being  discussed  that  no  electrical 
engineer  will  be  found  to  say  one  word  against  them  or  to  do  anything 
that  will  impair  their  chance  of  getting  through. 

We  are  in  a  backward  enough  condition  in  this  country  in  the  matter 
of  power  transmi^sion,  and  it  is  the  duty  of  everyone  in  the  country 
connected  with  the  electrical  industry  to  do  ail  in  his  power  to  get  the 
facilities  which  will  enable  us  to  gel  on  a  par  with  other  count nes, 

Mr.  G.  L,  Addekbrooke  :  There  really  is  very  little  to  criticise  in  Mr-  ^MQ^ 
Professor  Forbes*  paper,  because  one  must  so  profoundly  agree  with  *'^*^*^*- 
it  It  deals  chiefly  with  long  transmission s^  longer  probably  than  for 
some  years  will  be  employed  in  this  country,  and  it  is  a  great  pity 
that  these  transmissions  are  not  appreciated.  From  what  1  have  seen 
in  the  Colonies  there  is  a  vast  field  for  the  transmission  of  power,  but 
we  have  nothing  of  the  same  sort  here,  and  one  consequence  of  this  is 
that  manufacturers  have  nothing  to  guide  them  in  the  construction  of 
plant j  and  they  have  not  thai  incentive  to  go  into  it  w^hich  arises  from 
close  contact.  Most  of  these  great  undertakings  arise  not  simply  from 
manufacturers  or  from  users,  but  from  a  combination  of  the  two,  the 
user  helping  the  manufacturer  to  an  enormous  extent,  and  I  do  not  see 
how  any  successful  manufacture  on  a  large  scale  of  this  sort  of  plant 
for  use  in  other  parts  of  the  world  can  be  carried  on  in  this  country 
unless  there  are  opportunities  of  using  it  here.  So  mncli  time  is  neces- 
sarily lost  in  correspondence  with  users  of  plant  abroad  that  progress 
in  manufacture  must  be  slow*.  Manufacturers  in  Germany  and  in 
America  have  had  several  advantages  ;  they  have  had  a  free  hand  for 
c%%peri mental  purposes,  and  have  carried  out  their  experiments  ;  they 
have  been  more  or  less  on  t!ie  spot,  in  many  cases  having  transmission 
to  their  own  works,  and  they  have  been  able  to  get  the  data  to  carry 
out  all  this  work.  On  the  other  handj  as  Mr.  Ferranti  has  said,  it  is  a 
most  deplorable  fact  that  experiment  in  this  country  is  absulutcly 
prohibited*  You  can  do  nothing  here  elect ri call}'  without  going  to  the 
Town  Council,  and  of  course  that  means  obstruction.  If  a  scheme, 
which  may  be  far  advanced,  is  taken  to  a  local  authority,  with  a  request 
tor  their  permission  to  apply  it,  they  are  immediately  in  a  fog;  their 
advisers  Icll  them  that  you  are  going  to  make  a  quantity  of  money  out 
of  it,  and  they  then  place  all  sorts  of  obstacles  in  your  way,  and 
impose  such  conditions  that  s access  is  impossilUe,  Th^t  cow^^c^NX^wtJi 
th  that  no  experiments  are  tried  here,  and  iwc  aie  \ai;!,g>^%  \>i^\vv^r*^^ 
the  fitic^t  trade  oi  the  ncKt  half-century  is  Wvn^  d<:U\iv:\'AVc\^  Wto^^vx 
MW^jr,    Sappoi^ing  in  thv  days  of  railways  ihe  v^holii  ma.'tv*^^  \vaA  \s«(^^ 
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put  info  the  h;in<'!',  of  municipal  authorities,  and  supposing  that  no 
railwav-.  lja<l  been  con-.tructcd  without  them,  where  would  be  the 
ina;»ni!K;cnt  raihv.iy^  ot  the  present  day  :  This  countr>-  would  be  in 
(|iiite  a  -ecoiKlary  posit ir>n.  Yet  we  have  a  chance  of  standing  in  an 
e(|iial,  if  not  a  better,  pr^>ition  than  our  rivals,  and  wc  are  absolutely 
anri  flehberately  rh-priveH.  le;;i-»latively.  of  that  opportunity. 

I  will  not  >peak  oi  llie  electrical  portion^  of  the  paper,  because  I  so 
i-nfirely  n'^raj  with  I'rofe-,Mor  For  be  >  that  it  seems  to  me  there  is  not 
much  to  talk  about.  The  (]iie>tion  whether  things  are  to  be  done  in 
two-phaM;  or  tlirec-pha.-^e,  or,  a^  Mr.  Ferranti  says,  in  single-pha^e,  is 
a  Mconflary  consideration,  'i'liey  can  be  done.  \Vc  can  have  facilities 
and  all  -.ort^  of  advanta^^e^  which  will  make  our  lives  more  comfortable 
and  enaltle  \i>  to  pirKluce  what  we  want  more  cheaply,  and  we  do  not 
want  to  ipiarrel  whether  wc  get  it  5  per  cent,  cheaper  in  one  way 
than  another.  We  can  do  it  to-day,  and  the  point  is  that  the 
legislature  anrl  Parliament  and  everybody  should  give  all  facilities 
for  doing  it.  ^nles^  we  get  some  opportunities  of  that  kind  we  shall 
never  divert  tlie  capital  of  this  country  into  such  things.  During  the 
last  linee  or  fovn-  years  I  have  been  constantly  asked  by  financial  people 
in  file  City  whether  llie  Central  London  I^ilway  would  be  successful 
technically.  I  have  suggested  their  visiting  the  City  and  South  London 
Railway,  which  has  been  running  for  so  many  years,  but  they  never 
di).  People  doubt  unless  they  have  the  evidence  of  their  own  senses, 
and  so  we  shall  not  succeed  unless  wc  have  an  opportunity  of  experi- 
menting in  this  country. 

In  conclusion,  I  sliould  like  to  correct  the  very  general  impression 
liiat  you  cannot  do  respectable  lighting  work  with  three-phase  power 
plant.  I  was  very  pleased  indeed  with  some  of  the  w*ork  I  saw  on 
the  Continent  about  eighteen  months  since,  where  motive  power  and 
lighting  were  (hine  off  three-phase  systems  without  the  use  of  motor- 
transformers.  I  do  not  say  that  it  was  the  very  highest  class  of 
ligiiting,  but  ligiiting  good  enough  for  all  practical  purposes,  except 
pel iiaps  for  the  centre  of  a  fust-class  town,  was  being  done  in  a 
number  <»f  instances  in  that  way.  There  is  also  this  important  fact, 
which  is  i\n[  perhaps  altogether  appreciated,  that  with  a  first-class 
engine  driving  an  installation  at  constant  speed  and  constant 
periodicity,  and  with  a  motor-transformer  transforming  the  niulti- 
pli.ise  into  continuous  current,  you  may  have  very  large  variations  of 
pii'ssure  <»n  the  line  without  affecting  the  continuous  current  equally; 
because-  as  long  as  the  periodicity  remains  the  same,  the  rotar}*- 
transformer  tends  to  go  round  at  very  nearly  the  same  rate,  only 
taking  more  current,  antl  therefore,  by  such  a  system  as  this,  very 
good  lighting  can  be  done  with  multiphase  current,  even  when  there 
are  large  variations  in  the  voltage  owing  to  power  being  taken  off 
the  mains  by  polyphase  motors. 

Mr.  W.  U.  l-'.ssoN* :  1  should  like  to  ask  Professor  Forbes  if  the 
Inn^stor  systrni,  as  described,  has  Ken  tested  in  actual  working,  andi/ 
he  would  oblige  me  with  the  relerences.  in  order  that  I  may  further 
inform  myself  with  regard  to  the  results  obtained  in  practice.  Witb 
reference  to  ihc  wovkm^  ol  VLm\\\\\  >  Vaw  .  lui^ht  I  suggest  that  there 
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mu^t  be  Ukun  into  account  not  only  tlic  cost  of  tUe  copper,  but  that  ^'-  *^^*'^' 
of  Ihu  generators,  and  in  fact  of  t;  very  thing  at  the  generator  end, 
because-  it  may  ^o  happen  that,  as  in  the  case  shown  in  the  diagram, 
in  generating  6  H.F.  to  gel  i  H.F^  the  extra  expenditure  in  generators, 
transformers,  turbines^  hydraulic  works^,  and  the  hke,  would  be  far 
greater  than  the  ^ving  in  the  copper. 

Referring  to  the  matter  of  the  phase  rectifier^  might  I  suggest  to 
Professor  Forbes  that  the  reason  why  tbe  Oeriikon  Company  adopted 
these  wa6  not  for  the  purpose  of  getting  rid  of  the  idle  currents,  but 
because  the  gen  era  t  or  s*  being  of  the  claw  lie  Id  type,  were  quite 
unsuitable,  and  had  such  a  tremendous  drop  in  volts  that  the  Company 
bad  either  to  put  in  phase  rectifiers  to  keep  the  pressure  up,  or  to 
turn  out  the  generators,  1  should  also  Uke  to  ask  Professor  Forbes  if 
he  could  supply  any  tigures  which  show  the  difference  obtained  by 
stranding  the  copper  wire  instead  of  liaving  it  solidj  for  the  factor 
given  in  Table  VIL 

Mr.  R  Hammond  :  The  mcuTbers  of  the  Institution  must  all  feel  JJ"^'  . 
under  a  very  great  debt  of  gratitude  to  Professor  r  orbes  for  deliver- 
ing what  is  really  an  epitome  of  a  very  ripe  experience  at  this  most 
important  juncture,  Kext  week  five  Power  Transmission  Bills  come 
before  a  Committee  of  the  House  of  Commons^  and  the  question  as  to 
whether  England  is  to  have  a  long-distance  transmission  or  not  has 
some  chance  of  early  settlement.  A  very  powerful  committee,  as  the 
members  are  aware,  has  been  formed,  and  whatever  the  preliminary 
skirmishing  may  have  been  during  the  past  year  or  two,  ail  feel  that 
the  question  is  one  with  which  Parliament  is  going  to  deal,  and,  that 
being  so»  the  laws  governing  long*distance  transmission  arc  attracting 
the  very  closest  attention,  and  have  the  very  greatest  interest  for 
members  of  this  Institution.  Btit  I  should  like  to  emphasise  the  point 
that  Professor  Forbes  has  made,  vii.,  the  very  great  importance  of  a 
proper  appreciation  of  Lord  Kelvin's  law.  The  same  interest,  the 
same  mortgage  value  of  interest  upon  copper  will  not  do*  On  the  one 
'side  the  debit  must  be  a  fair  amount  of  interest  upon  the  copper- 
Professor  Forbes  suggested  that  it  might  be  15  per  cent.,  but  I  do 
not  think  even  the  most  sanguine  promoters  of  the  Pow*er  Bills  are 
looking  for  as  much  as  that,  but  a  good  solid  round  interest  upon  the 
copper,  such  an  interest  as  may  tempt  financial  people  to  put  their 
money  into  the  schemes  before  us.  Then^  on  the  other  hand.  Professor 
Forbes  truly  says  that  It  is  not  only  the  mere  loss  of  current  en  mute 
tliat  has  to  be  taken  into  consideration  as  to  what  is  to  be  lost  on  the 
other  side.  You  have  to  consider  the  absolute  cost  of  production* 
including  the  wear  and  tear  of  machines  and  so  on.  However,  the 
discussion  on  Kelvin's  law  may  perhaps  w*ith  advantage  be  left  to 
another  occasion  ;  but  I  urge  that  the  remarks  of  Professor  Forbes 
on  this  point  are  very  well  worthy  of  very  careful  consideration. 
Although  Mr-  Ferranti  is  of  opinion  that  in  the  end  the  single^pha&e 
system  will  prevail,  there  is  a  popular  idea  that  at  present  the  power 
schemes  will  have  to  choose  between  two-phasc  and  three  phase. 
Prolessor  Forbes  decides  for  two-phase,  and  it  may  itito^^\.  Vt\ci 
iuenil>ers  to  know  that  dtu^ing  the  past  fortnight  \  have  s^etv^.  ^  xsi^^ 
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interesting  time  in  iru estimating  two-phase  and  lliree-phasc  :5tations  on 
the  Continent*  and  (akliough  of  course  tht  Continent  may  be  ^TOtig) 
I  find  that  the  Contintiiit  plumps^  for  three-phase.  There  are  many 
cases  in  which  thert^  are  atready  single-phaije  works  in  existence, 
itnd  where  manifestly  tlie  network  is  much  more  sy liable  for  iwo- 
phasc,  split  up  into  two  single  phases,  than  for  three-pha^c,  a;*  for 
instance  at  Viciina*  The  lar^e  station  in  that  city  is  now  being 
extended  by  two-phase  plants  because  that  system  h  more  suitable 
for  use  with  its  present  network  ;  hut  in  new  places  where  they 
have  a  clean  slieet,  such,  for  instartce,  a:i  at  Mannheim,  tliey  have 
throughout  a  three-phase  station,  and  as  Mr.  Addenbrooke  sa^^s,  they 
have  no  difficulty  not  only  in  transmitting  the  three-phase  current 
from  a  distant  point  to  the  centre  of  the  city,  but  in  distributing 
by  means  of  low-pressure  three- piiase  current  both  for  power  and 
for  lighting:  Professor  Forbes  lias  mentioned  tliat  in  the  two-phase 
system  with  common  return  one  has  an  advantage  in  the  cost  of 
the  cables,  but  1  made  very  careful  inqurries  of  Mr*  Blatby,  of 
the  Ganz  Company  of  Budapesth,  and  of  other  engineers  od  the 
Continent,  and  Mr,  Blathy  ^lrongly  objected  to  the  use  of  the 
common  return  with  a  two-phase  current  ;  indeed,  he  went  to  tlie 
extent  of  solving,  *'  If  I  had  not  to  transmit  from  a  distance  at  all,  hirt 
had  to  lay  down  a  station  in  the  middle  of  a  city*  generating  by  low 
pressure^  I  would  generate  t>y  three-phase  low*  pressure,  and  not  by 
continuous  current. " 

I  would  like  in  conclusion  to  add  two  words,  first  with  regard  to 
Professor  Forbes'  splendid  illustrations  of  long-distance  w*ork.  When 
at  Budapesth,  they  showed  me  an  experimental  cu'  which  is  just  a 
sample  of  what  is  now  being  clone  in  the  north  of  Italy,  w'here  they 
are  about  to  run  a  full-gauge  railway  of  no  miles  in  leugtli  on  the 
three-phase  system  ;  ttiey  are  going  to  generate  at  3o,ooo  volts,  with 
15  periods  ;  they  will  have  converter  stations  ten  kilometres  apart  to 
transform  down  to  the  low  pressure  of  3,000  volts,  and  will  introduce 
that  3,000  volts  into  the  motors  on  the  c;ir. 

My  other  point  is  one  strojigly  supporting  both  Profe^or  Forbes 
and  Mr,  Ferranti  in  favour  of  motor-generators  rather  than  rotary 
converters*  t  saw*  in  Frankfort  the  whole  of  the  tramways  being  nin 
by  motor-generators  from  a  single-phase  station.  The  Mnglc-phasc 
current  at  3,000  volts  is  brought  to  a  central  spot  in  Frankfort,  and  a 
there  transformed  by  three  mo  tor -gen  era  tors  of  750  kilowatts,  dis- 
tributing a  continuous  current  of  550  volts  to  the  tramway.  The  latest 
thing  in  favour  on  the  Continent  is  distinctly  the  use  of  motor-trans- 
formers rather  than  rotaries. 

Mr,  J.  SwtKBUHKfe ;  The  first  question  I  want  to  raise  is  that  d 
Lord  Kelvin^s  law.  When  in  1881  Lord  Kelvin's  law  w^as  bmoght 
forward,  people  had  apparently  got  hold  of  something  new.  TIk: 
real  novelty  consisted  in  the  simplicity.  Lord  Kelvin  liappcncd 
to  deal  with  a  case  where  the  law  is  simple,  and  you  could 
get  a  terse  mathematical  expression  which  gave  you  the  tjeil 
economy,  and  IhaV  wa&  the  Kelvin  law.  But  the  general  law  as  to  the 
fiiost  economical  artan^emeaV  ol  wNt^^S^w^  ^\^rA  im  order  ly^fft 
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revenue  has  bt^cii  known  to  commercial  men  from  the  beginning  of  the  JJj,|„|,yj„g 
world.  The  only  diBiciiHy  is  to  calculate  it.  Wlien  you  have  some- 
thing that  you  c;m  calculate  definitely  you  havu  KelviJi^ss  law,  but  as 
soon  as  you  begin  to  get  into  compile  a  ted  departures  from  it  you  no 
longer  have  Kelvin's  law,  but  v*ou  merely  come  into  ordinary  com- 
mercial calculations.  What  you  have  to  do  is  not  to  make  general  laws* 
of  distribution,  and  then  fit  them  to  the  particular  town  you  have  to 
deal  with.  The  Germans  do  that  a  good  deal.  I  have  a  German  book 
on  nut  works  theoretically  calculated  out  to  fit  any  town— you  have  your 
town,  and  you  hunt  up  the  particular  page  in  the  l'>ook  where  the  iiet- 
A^'ork  fits.  I  suppose^hut  I  have  never  read — ^only  reviewed— it. 

There  has  been  some  little  misapprehension,  I  think,  if  I  may  say 
so*  with  regard  to  Professor  i*"orbes  remarks  about  boosters.     I  do  not 
know  whether  1  can  put  the  matter  any  more  clearly  in  this  way.     If 
you  arc  limited  by  law  or  anything  else  to  use  a  maximum  of>  say. 
tojooo  volts — it  does  not  matter  what — if  you  cannot  use  more  than 
thai  pressure  yoti  may  start  at  your  station  with  io,ooo  volts,  and  let  the 
volts  fall  as  you  go  from  the  station,  or  you  may  put  a  booster  in. 
In  the  latter  cast!,  as  slated   by  Professoj'   Ferr%%  the  power  is  put  in 
at  one  end  and  taken  out  at  the  other,  and  its  value  is  therefore  en- 
banced.     That  is  true^  but  the  booster  enables  you  to  run  with   io,ooo 
volts  all  along,  and  hence  the  economy.     1  think  the  matter  is  perfectly 
simple  if  you  look  at  it  in  that  way.    You  always  use  in  the  system  the 
highest  volts  permissible,  instead  of  only  using  the  highest  volts  at  one 
end  and  letting  it  get  low  at  the  other*     1  do  not  know  whether  any  of 
you  ever  beguile  your  leisure  by  tracing  the  origin  of  religious  dogmas. 
It  is  a  very  interesting  study,  and  I  would  like  to  deal  a  httle  in  that 
direction  with  regard  !o  the  rise  of  the  three-phase  motor.     Some  time 
ago^  especially  in   Parliamentary  inquiries,  there  was  always   the  re* 
p roach  against   the  aUernating  current  that  there  was  no  alternating 
moton    The  problem  of  the  day  to  be  solved  was  the  alternating  motor. 
The  technical  papers  every  week  or  fortnight  used  to  announce  that  the 
alternating  motor  problem  had  been  solved  afresh,  but  you  could  not 
get  the  alternating-current  motor*    Then  came  a  number  of  people  who 
professed  to  have  solved  the  alternating  motor  problem,  but  they  really 
had  done  nothing  of  the  sort.     They  had  introduced  a  new  system  of 
distribution  which  was  capable  ot  Uhiiig  a  molor,  bnt  it  was  not  an 
alter naling  muliir  in  the  sense  understood — it  wa>  another  thing  paraded 
undt:r  the  old  name,     tt  was  tiot  a  sohition  at  all.     Hut  it  gave  us  some- 
thing that  would  starts  and  the  great  difticulty  was  to  start  alternating 
motors.     But  that  is  only  in  the  case  of  small  motors.     People  have  for- 
gotten that  these  difficulties  do  not  exist  to  the  same  extent  when  dealing 
with  large  motors  such  as  there  ^e  in  stations.     People  have  commenced 
in  this  way,  and  they  have  used  the  motor  for  distribution  in  factories 
and  so  on,  and  it  has  grov^n.     People  like  Mr.  Hammond  go  to  foreign 
count ries^  and  they  .say,  '*  Here  are  peopk  all  using  three-phase  motors: 
it  must  be  right:"     S<-t   they  go  and   use  three-phase  motors.     Then 
sonielx>dy  siiys,  **  Why,  here  is  Mr.  Hammond  using  threc*phase  motors  i 
it  must  be  right,"    Now  of  course  there  are  really  impotlaxvt  v\wes\Asiw¥» 
when  you  consider  the  si^es  of  Jtiains  and  of  dynamos,    Bm\  \  iKxitvV 
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you  will  find  it  is  really  nil  a  qiifstion  of  (he  *ixc  of  m;uns.  In  dcaJmg 
with  the  size  of  main!^»  the  firit  thing  to  he  certain  about  is  that  yon  arc 
dealing  with  rational  assumptions.  You  can  m^ike  as  many  oUcitlations 
as  you  like  as  to  which  h  the  most  economical  Siizc  of  main,  and  alj  the 
various  calculations  diflfcr  considerably,  becau^JC  people  start  with 
different  assumptions.  If  you  really  set  down  what  you  liave  to  do.  I 
Ihitlk  you  can  calculate  your  mains.  I  do  not  think  the  question  of  the 
siKe  of  Ihi.'  dynamo  comes  in  j  it  is  not  very  important.  But  [  do  think 
that  freedom  from  breakdown  is  enonnoush'  more  importaot  thiui  the 
efficiency  in  most  of  the  cases,  I  n  large  transmissions  the  capitai  ^peni 
iu  copper  and  insukition — the  insulation  being  generally  more  im|^>rtjuil 
than  the  copper,  although  it  does  not  come  into  Kelvin's  law — is  more 
important.  Having  got  that,  you  can  calculate  it  out  in  a  commercial 
Wiiy,  and  if  you  keep  your  eye  on  the  efficiency  and  the  freedom  from 
breakdown,  I  think,  as  I  have  always  thought,  if  I  may  respectfully 
say  so  to  Mr-  FL'rr;mtt*  that  he  has  been  riglil  all  along  in  what  he  has 
said  to-night* 

Professor  K.  ^^iv^os  {committikakit) :  In  connection  wntb  Fig.  4*1 
should  like  to  point  out  the  relative  £id vantages  of  two-  and  three»ph.i>e 
systems  when  working  (i)  on  the  assumption  of  constant-current  density, 
(i)  on  the  assumption  of  constant  ratio  between  the  power  rcceivxai 
from  and  the  power  delivered  to  the  transmission  line* 

(i)  CossTAXT  Clirrent  Deksity.  Tuv*Fhm€.  If  there  be  four 
wires,  the  saving  over  the  single-phase  as  regards  copper  is  nil.  The 
copper  volume  is  proportional  to  the  current*  so  that  with  three  wire> 
the  volume  will  lie  2  +  V  2  as  against  4  ;  the  saving  in  copper  b  15  per 
cent 

Three-Phau  M€sh  Grouping,  If  there  be  six  wires  the  volume  oi 
copper  is  6  and  the  saving  over  the  single- phase  as  regards  copper  ti 
nil*  The  current  is  V3  in  each  line  with  three  wires  and  potentu^ 
difference  undisturbed*    The  volume  of  copper  is  then  3^^5=5  19 as 

against  6:  the  saving  is  13*5  per  cent.    '''*^"  —-*—  - 

times  as  great,  but  the  currents  arc 
transmission  is  ('^sY  X  ri6  =  ^86^. 

Tftire-Phmf  Star  Grottping.  If  the  windings  were  to  remain  ibe 
sanie  as  in  the  mesh  machine,  and  simply  connected  sl;*r*  the  volume 
is  only  50  p^t  cent*  of  that  required  by  six  wires*  but  the  potcntiJil 
differences  are  ^3  times  as  great*  By  re- winding  the  machine  so  a^ 
to  obtain  the  same  potential  differences  between  the  line  wire^  the 
volume  reduces  as  before  t:>  5"i9  as  against  6  with  single-phiisc,  and  the 
saving  is  I3'5  per  cent* 

(Line  ontputX 
Li^l^^J 
For  a  given  length  the  resistance  varies  inversely  as  the  cross*sectiona) 
area  1  the  volume  varies  inversely  as  the  resistance.  Consider  a  ihrce- 
pliasc  system^  and  assume  li\ati  tlve  cflftciency  is  to  be  the  same  with  three 
wires  as  with  six  wntes.  ^u\c^  \\\tt  y^^'**^'^  ^^  ^^  u-Aw^mUied  is  to  be  the 
same  ilic  currents  and  voWuVvA\tm^tiiftc^sm\v^VtiLwvi\v\S:tv^-^  ^^ 
Ite  mnw  los^  the  resistance  mvi^slbtvucvc^^e^  w^  \V^x^\^m^^^«:^^^. 


The  resistance  is ==1*16 

^yS  P^^  ^^^^*  smaller.    The  loss  in 
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that  is,  the  resistance  will  be  rj4  times  and  the  volume  75  times:.    The  p^^jfessor 
drop  ill  volts  will  now  b€  rift  as  against  roo  with  conMatit  current-   ^^"*°"' 
density. 

It  seems  to  me  that  I  he  proper  bn.sis  of  comparison  is  the  maximum 
polcntiai  differeoce  between  unv  two-Une  wires,  and  I  should  liave 
thought  it  ijuitc  gonsibtcnt  to  call  the  two-phase  system  (Pig.  4)  a  20,000- 
vo!t  system.  From  the  paper  I  gather  that  the  two  phases  in  the 
Niagara  generators  are  quite  separate,  but  if  the  centre  of  each  sj^stem 
is  put  to  earth  (Fig,  4)  the  advantages  mentioned  in  the  paper  of  keeping 
to  separate  phases  are  done  away  with.  On  the  other  hand,  hv  insulating 
both  phases  from  one  another,  there  is  the  possibility,  in  the  event  of 
one  wire  getting  to  earth,  of  any  one  at  earth  potential  receiving  the 
maximum  potential  difference  of  the  system. 

Mr*  M.  B-  Field  {torn  mti  irk  a  icti} :  I  would  like  to  add  a  few  remarks  M""^  i^"^*^'i^- 
to  those  of  Professor  Forbes  on  two-  versus  three-phase*  The  following 
figure  shows  a  single- phase,  three* phase,  and  a  two- phase  system,  each 
with  the  centre  point  earthed.  The  two- phase  we  may  consider  as  a 
four-kgged,  the  three-ptiase  as  a  three-legged,  and  the  single-phase  as 
a  two-legged  syt>tem,  the  power  generated  in  each  leg  being  V  X  C  X 
power-facton  The  total  power  generated  in  the  respective  cases  will 
tte  V  X  C  X  power-factor  x  number  of  legs.  On  this  basts,  of  course, 
ilic  weight  of  copper  per  Uav.  in  tlic  transmission  line  for  a  given  per- 
centage loss  nnist  be  practically  the  same  whether  the  system  be  a  two- 
legged,  tjve- legged,  or  a  twenty -legged  system.  Moreover,  hi  each  case 
the  maximum  voltage  above  earth  ia  V,  that  is,  the  strain  upon  the 
insulation  is  the  same* 

This  is  what  I  take  Professor  Forbes'  argument  to  be.  It  is  hardly 
necess;iry  to  point  out  that  this  argument  is  only  applicable  where  the 
centre  of  each  system  is  earthed. 

Take,  for  example,  a  single-phase  system,  and  a  three-phase  system 
with  three  independent  phases  and  six  line  wires,  the  voltage  of  each 
phase  being  V,  both  systems  being  completely  ini^nlated.  The  three- 
pliase  system  corresponds  to  three  single-phase  circuits,  and  manifestly 
the  cost  of  transmission  in  each  case  is  the  same*  Next  group  one 
wire  of  each  circuit  of  the  three-phase  system  together^  and  we  find 
that  down  this  fourth  wire  no  current  flow^s*  We  therefore  dispense 
with  it.  We  have  thus  halved  the  amount  of  copper  in  the  three-phase 
system,  halved  the  line  losses,  but  fuwe  twf  tioubkd  the  t*oUa^e  betweeji 
the  line  wires.  The  maximum  voltage  is  now  only  173  W  In  the 
single-phase  case,  if  we  halved  the  copper  and  halved  the  line  loss^  we 
should  liave  to  double  the  voltage  to  transmit  the  same  anioujit  of  power. 
In  other  words,  supposing  any  point, of  the  single-  or  three-phase 
system  may  t>ccome  accidentally  earthed,  and  we  are  to  keep  the 
maximum  possible  potential  above  earth,  which  may  occur  under  such 
circumstances  the  same  for  the  two  systems*  the  three -phase  uu- 
doubtedly  provides  us  with  a  more  economical  transmission  than  U\^ 
single-  or  two- phase  systems. 

Now*  I  would  Yikv  to  take  up  the  two  following  pouv^^  * — 

{ f)  /s  it  generaJiy  good  practice  to  earth  t\ie  t\e^lta\  pcA-nV  q^^  ^^^^ 
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Mr  Held.  .|a|  Even  when  lUe  neulral  point  h  eartbed,  are  Ihe  two-  and  the 

three-phase  s>'stcnis  really  on  the  same  basis  as  Professor  Forbes  would 
indicate  ? 

First  J  tben»  Professor  Forbes  has  laid  great  stress  on  continuity  cf 
supply.  Now,  from  my  own  experience  I  can  assert  that  I  hav€  been 
ttbJe  several  times  to  tide  over  a  difFiculty  and  avoid  a  discontinuity 
of  supply  from  a  system  whose  neutral  point  was  not  eartbed,  whcr*. 
thi.s  would  have  been  almor^t  impossible  had  the  revere  been  tlie  case. 
Consider  a  station  in  which  the  generators  arc  J^upplying  direct, 
without  step- up  transformers,  tlic  hi^^li-tension  overhead  line,  and  a 
light ninfj  discharge  in  tlie  neighbourhood  induces  an  extremely  hi|iii 
potential  difference  between  certain  line  wires  and  earth.  For  some 
reason  the  lightning  arresters  fail  to  protect  the  generators,  and  a.^park 
pierces  the  insulation  of  an  armature  coil  and  jumps  to  frame.     Tht'^ 
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almost  always  occurs  near  one  terminal  of  the  generator,  the  inducttvc 
effect  rarely  traversing  more  than  one  or  two  ttirns  of  the  first  co\l 
lie  fore  it  discharges  itself  to  earth  by  a  spark  piercing  the  insulaliofl 
If  now  the  neutral  point  t>e  earthedi  a  violent  short  occurs  in  one  p»ri 
of  the  generator  armature,  an  arc  inside  the  faulty  coil  is  tnstanll) 
started  which  in  a  very  short  time  effects  grave  damage*  It,  on  tilt 
other  hand,  the  insulation  of  Ihe  generator  be  other w^ise  good,  the 
neutral  point  may  be  merely  displaced  from  its  normal  position*  Ti\i 
amount  of  displacemenl  depends  on  the  effectiveness  of  the  tM\h 
formed  in  the  faulty  coil  Under  these  cii'cumstanct*^  1  ha%x  bee* 
able  on  several  occasions  to  keep  a  generator  in  circuit  till  the  hcAV^ 
load  on  the  station  lias  sufficiently  subsided  for  the  faulty  generator  ty 
be  sv^'itchcd  off  and  repaired  without  any  discontinuitj*  of  the  stippi^ 
whatever. 

With  regard  to  the  second  point  I  have  raised,  wiiitc  I  recogm-* 
witli  Professor  FotV>e^  \.\vaX  \W  Important  danger  along  the  lint' 
(neglectitig  she r Is  due  to\\VA\\c^V\sV\\^\.^V  V^^i^^j^.^kich  is  tlie  5»ti« 
uhclhcr  the  lwo-v^\v.ise  ot  v\Mcia-itWifc  %^^\.^m ^  ^^^^'a^^.-^^nijN 
the  neutral  is  earllicd,  V  nwxvV^ux  "^"^^^^  '^^^  %vsl\s  w\  >\^t  cs^x^a: 
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the  system  where  trouble  is  to  he  looked  for.  Nowada\^  the  tcndcticy  >! 
is  to  generate  higher  and  higher  vohiige^  in  Ihc  ariiKUurcis,  and  to 
dispense  witli  step-tip  transt'ormers.  This  necessitates  swilctiboard 
apparatus  capable  of  deaJing  with  very  high  4  ens  ion  currents.  I'hc 
design  of  such  apparatus  is  at  best  difficult,  and  very  sertons  arcs 
may  be  started  between  neighbouring  hus-burSt  terminals,  ctc,^  not 
necessarily  directly  connected  there  with*  should  such  apparatus  work 
imperfectiy.  The  greater  then  the  actual  difference  of  potential 
between  the  bus-bars  and  terminals  on  the  switch l>oard,  the  greater 
must  be  the  precautions  taken  to  airoid  trouble  from  shorts  and  arcs 
forming  directly  between  them  :  and  this  is  quite  independent  of  ttie 
fact  that  the  neutral  point  of  the  system  may  be  earthed. 

Professor  Perry  asked  atnyiil  tlie  si«e  of  synchronous  motors  neces- 
sary to  produce  a  detinite  phase-rectifying  effect,  and  a  few  words  on 
this  head  might  be  of  interest. 

In  one  station  for  the  supply  of  motive  power*  with  which  I  was 
connected  some  while  back,  the  generators  {A)  had  a  very  drooping 
characteristic  on  account  of  their  large  armature  reaction  and  self- 
induction,  and  from  economical  considerations  it  wa^  deemed  expedient 
to  work  them  at  such  a  voltage  that  the  power  obtainable  from  them  at 
thai  voltage  was  considerably  less  than  the  power  obtainable  from  the 
turbines  to  which  they  w*ere  direct  coupled.  When  subsequent  ex- 
tensions were  necessarvjit  was  proposed  to  install  generators  (^)  capable 
of  considerable  over-excitation,  so  that  these  w*ould  supply  the  whole 
wattless  component  of  the  current  leaving  the  station.  The  generators 
A  would  thus  not  be  supplying  a  lagging  current  p  but  one  in  phase 
with  the  bus-bar  voltage,  i.e.,  their  load  would  correspond  to  a  load  of 
lamps,  in  which  case,  of  course,  the  powxr  obtainable  from  them  w^ould 
Ixf  considerably  increased.  This  was,  in  fact,  actually  carried  out.  The 
fu  st  batch  of  generators  A  installed  were  coupled  each  to  a  300- H. P. 
turbine;  the  extensions  consisted  of  large  generators  (/?),  each  coupled 
to  two  turt>ines  of  300  H.P.,  and  so  designed  that  one  generator  would 
supply,  over  and  above  its  normal  load,  the  idle  current  for  three  of 
I  he  type  A  machines.  By  ovcr-excitation  of  the  generators  B  it  was 
not  only  possible  to  arrange  that  the  A  machines  supplied  merely  a 
current  m  phase  with  the  bus-bar  volts^  but  B  might  be  still  further 
excited  so  that  A  supplied  leading  currenls,  which  of  course  tended 
to  raise  the  terminal  voltage  above  the  normal.  In  this  way  the  normal 
voltage  could  be  maintained  at  the  bus- bars,  while  the  generators  A 
were  loaded  up  to  the  full  oulput  of  the  turbines  to  which  they  were 
coupled. 

For  example,  suppose  the  power-factor  of  hue  and  receiving  circuits 
was  07,  and  the  generator"^  A  had  reached  their  limit  when  their  input 
was  200  H.l*,  each  (/.('.  beyond  this  they  were  no  longer  capable  of 
maintaining  the  voltage).  Suppose  further  that  three  generators  A 
were  supplying  power  for  the  line  and  each  was  loaded  up  to  its  limit, 
then  if  one  generator  B  were  started  up  and  switched  in  parallel,  ^\\d 
its  turbines  supplied  with  just  sufficient  water  lo  nm  W  \\-^\\^W^^^ 
possible  to  so  manipukitv  its  excitation  that  \v\lhuv\l  VV  >\iVV^>''^^'^^  '^^'^''s' 
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actual  power  to  the  lint:,  Ihe  bus-baj-  voltage  could  be  maintairtcd  at  the 
normal  figure,  while  each  of  the  j**:nerator^  -4  were  loaded  up  to  lli< 
full  extent  of  their  respective  turbines  ;  in  f^ct*  the  extra  excitation 
nccesiiriry  for  the  generators  A  was  supplied  by  wattless  arniatnrc 
currents  derived  froin  the  generators  R 

It  lis,  of  course,  clear  that  the  generators  B  had  to  be  designed  most 
liberally,  and  except  in  exceptional  cases  such  a  procedure  would  be 
far  too  costly  to  pay. 

Suppose,  for  instance,  a  generator  is  working  on  a  power-factor  of 
07,  ihen  the  wattless  current  is  equal  to  the  watt  current  To  rectify 
this  completely  a  synchronous  motor  would  have  to  be  installed  capable 
of  taking  up  a  current  equal  and  opposite  to  this  idle  current.  Or  wr 
may  consider  this  motor  as  a  generator  running  round  light  and  con- 
nected to  the  receiving  end  of  the  linc.iiO  that  it  supplies  to  the  receiving 
circuits  the  lagging  idle  currents  dtmanded  by  them,  while  the  actual 
generator  supplying  power  at  tlie  other  end  supplies  to  the  line  merely 
the  watt  component*  Tlie  two  ideas  are  identicaU  It  is  clear  thcii. 
that  the  motor  must  be  t'leilrittilly  a  larger  machine  than  the  generator, 
for  it  is  acting  as  a  generator  capable  of  maititaining  its  voltiigc  while 
supplying  the  fulUIoad  current  on  a  pure  inductive  load,  whereas  the 
actual  generator  in  all  pro babihty  would  not  do  so*  The  cost  of  such  a 
phase-rectifying  motor  would  therefore  be  greater  than  that  of  the 
generator,  were  it  not  for  the  fact  that  the  molor  may  safely  be  run 
at  A  very  hi^h  speed.  We  thus  see  thai  except  for  very  long  lino 
where  Ihe  prime  cost  of  the  generating  plant  is  an  insignificant  item, 
the  plan  of  using  unloaded  synchronous  motors  as  phase  rectitier'^ 
must  be  a  very  costly  one. 

Mr.  A*  H.  Fhexch  [commniiiaiffii]  :  As  Professor  Forbes  has  sug- 
gested  that  accounts  of  Power  Transmission  Plants  might  appear  in  thv 
discussion,  I  append  from  memory  a  short  note  on  Ihe  continuous 
current  transmission  plant  at  Genoa,  as  it  was  running  in  I  he  year  i&yj 
The  scheme  was  originally  suggested  by  Signor  Bruno*  who  carried 
out  the  water-power  part  of  the  work,  constructing  a  large  r€ser\*oir  by 
damming  up  a  tributary  of  the  FOj  just  alxne  Isoverde,  about  r6  milt'' 
from  Genoa.  A  tunnel  was  then  made  for  supplying  the  tuibitiCi,  in 
the  course  of  construction  of  which  a  great  spring  was  found,  sufficienl 
to  work  several  of  the  machines  in  the  generating  stations  long  twrfori 
the  reservoir  was  finished.  The  electrical  work,  at  first  carried  out  by 
an  Italian  electrical  engineer,  was  a  failure,  owingj  chiefly,  to  the  con- 
stant break i!ij4  down  of  the  armatures  of  the  generators,  caused  by 
lightning  striking  the  Iransmisstou  line  and  liiuling  its  way  to  earth 
through  the  muchiues,  and  the  generating  station  was  shut  dowTi  ios  * 
time,  'J* he  work  was  aftei' wards  very  successfully  carried  otit  hj 
Monsieur  Thury,  who  equipped  two  generating  stations,  each  consisting 
of  about  jfjo  k.w.,  being  made  up  of  four  150  H.P.  Picard  turbines. 
each  one  coupled  to  two  generators  of  an  output  of  45  amperes  at  tjocc 
volts.  These  machines  were  all  run  in  series,  and  werv  mounted  crn 
large  insulators  ccmcuVed  u\  1V\^:  ^KQ\2k\\^,lhe  holding<down  bolts  bciiy; 
Milphnrcd  In-  The  cou\^\\n^  Vti\\\^  ^.uASxu^^i  ^^^  ^t^^^x^llpy- (;o^nc^^^ 
lion  being  made  wU\i  *>Iq\v(  u\<^\a.vvto\>^^  \t>m\4^.  *^V^ ^\NS£Xj&epL-^^««k 
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at  first  separately  excited,  and  were  regulated  by  a  isolciioid  fixed  in 
scriesi  with  the  traDsniissiori  line,  the  core  of  the  solenoid  operatinii  the 
governor  of  the  exciting  turbine.  This  means  of  re^^ulation  failed 
owing  to  the  frequent  breaking  of  tht  transniisssion  line,  which  then 
caused  the  exciting  current  through  the  generators  to  be  increased  so 
much  that  the  whole  of  the  generators  were  pulled  up  and  the  clastic 
couplings  broken*  This  was  afterwards  remedied  by  adopting  series- 
winding  for  the  generators.  This  was  also  beneficial  when  a  short- 
circuit  occurred  on  the  line,  the  niachincs  then  losing  their  excitation 
automatically.  The  working  of  the  st;dions  was  so  simple  that  they 
could  be  operated  by  anj  intelligent  man  without  electrical  training  ; 
for  instance,  when  another  iiiachine  wns  required  to  be  put  on  the  load, 
the  dynamo  was  run  up  on  the  short-circuit  switch  until  the  current  on 
tiie  line  was  reached,  the  switch  was  then  opened  and  the  regulator  did 
the  rest  of  the  work.  This  was  effected  by  a  motor,  the  si j aft  of  which 
was  coupled  to  all  the  turbine-governors,  and  which  rotated  either  way, 
being  worked  by  a  relay  wound  in  series  with  the  transmission  line,  and 
(he  motor  only  remained  stationary  when  the  normal  working  current 
was  reached* 

The  two  generating  stations  could  have  been  run  in  series  up  to  a 
voltage  of  J  6,000  volts  if  the  insulation  of  the  line  had  been  good 
enough,  but  in  practice  i|,ooo  volts  was  not  exceeded*  The  line  was 
badly  constructed,  and  not  infrequently  broke  down  through  the  col- 
lapse of  the  supports*  On  one  occasion  the  plant  was  run  for  two  day^ 
and  nights  with  several  poles  lying  on  the  ground  (but  the  wnres  not 
touching  the  earth)  close  to  a  small  village. 

All  the  ^team-plants  in  the  factories  along  the  transmission  line  were 
superseded  by  motors^  and  the  central  station  at  Genoa  w^as  solely 
w^orked  by  these  moloi's.  In  connecting  to  the  overhead  wires  the  line 
was  cut  and  the  tw^o  ends  taken  to  the  motor  and  switch.  Every  motor 
was  mounted  on  insulators  :  in  starting,  the  short-circuit  switch  was 
opened,  the  line  was  then  completed  through  the  motor  ;  regulation 
was  effected  by  a  governor  which  automatically  altered  the  windings  of 
the  fields  in  such  a  way  as  to  weaken  or  strengthen  the  opposite 
pairs  of  poles  by  gradual  alteration  of  polarity*  The  brushes  of  the 
motors,  as  were  also  the  generators,  were  of  carbon  and  were  self- 
adjusting. 

Klihn -Thorn  son  lightning  arresters  with  condensers  were  used  \  at 
hrst  much  trouble  Wiis  experienced  through  the  condensers  becoming 
owi  charged  and  ^hal(ercd  during  bad  thmiderstortns.  At  ikst  a  heavy 
thunderstorm  was  so  terrifying  that  the  assistants  frequentlv  suspended 
operations  whilst  it  lasted.  In  all,  the  scheme  w*as  a  great  success,  and 
had  the  line  of  transmission  t>cen  properly  constructed,  a  breakdown 
would  have  been  a  rare  occurretice. 

Mr,  J.  W,  Kempster  Icommitnktikit]  :  With  regard  to  efficiency  con* 
sideration  will  show  that  (i)  w^here  the  voltage  at  generating  end  of  line 
is  con?*tant,  a  given  II *P.  is  delivered  with  the  least  hue  copper  at  50 
per  cent,  efliciency,  and  it  would  lie  iu>ecotiomicv\l  to  vjoiV^VicVa^  \\vvii\ 
la)  with  a  lixed  volbigv  at  receiving  end,  and  var\ab\c'all\\^  ^o^iit  staSAQ^w, 
/owtr  efficiencies  would  not  fiecc!»biirilv  be  vva'stciviV.     Bwo^ict^  ^Vt*^^ 
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at  |ioroU  alofig  the  fiae  coozliiiie  loiitc  features  of  both  ri)aiid  (i),»iid 
wmM  be  advanli^roiK  wtb^a  tlie  U^mmmekm  fine  is  C3#  socdi  a  In^ 
thai  the  liiotts  of  pradloble  vcsltage  are  waciied ;  2$  apart  f  roai  ^tiiig 
copper*  th«  line  pressarc  is  roninii'ifft 

Front  die  figures  gtven  m  the  tables  il  does  not  appear,  bowercr, 
that  ftuch  low  cf)icieiicja»  as  50  per  cent,  are  wtlhiii  r^age  of  cob> 
mercial  practice  until  venr  long  dsstaoces  of^  ^>^*  ooctsideraliiy  orcr  509 
mtlc^,  arc  reached,  with  tbe  pressi^r  actually  attained  of  40,000  vdib^ 
and  tl  niiiy  rira.'jcrdably  he  anlicipatixj  that  the  di^W^lttes  mcidcotal  to 
stiM  Iiij^hcr  voltage*  will  lie  ovcrcortiif* 

I  cMimalc  th^t  lOiOoo  kilowatts  tranAfnitted  500  miSe^  at  40/Mn 
voiti,  with  50  per  cent  litic  i*ilficicnc>%  woiiSd  cost  rotii^hh'  £q  per 
KJI.P.  per  anritmi  delivered,  a»uiiiing  the  high  load  ladOr  of  ^S,  and 
rj Liking  fair  iUlowuncc  for  deprcLiatioti,  m*ilh  4  per  cent  tnteri^st.  Al  75 
per  cent  liuc  cflicicncy  the  co^t  on  a  si  mi  I  at  ba&iii  would  be  only  jf8  ^^ 
|>er  KM. P.  per  anrmm,  the  lower  cipitaj  outlay  oo  hydraultc  works  and 
getn^rating  plant  more  than  compeni^ting  for  thecKra  copper,  Ulib 
boosters  the  figure  might  be  reduced  to  £S,  bat  against  this  sairing  of 
J%.  must  be  set  the  increased  risk  of  breakdown. 

For  conipari^n  I  might  mention  the  ca^  of  a  textile  manofactitrer 
in  N^orthern  Itrily,  situated  at  less  than  150  miles,  from  t he  seabo^d,wha 
Oil  a  careful  calculation  lind^  that  he  pays  ;£!l2  per  annum  per  steam 
liHJ*.,  u^ing  economicid  compound  Sulxer  engines  of  several  hundred 
horiie*  power* 
Fti*rr»*cK  Frafe2>sor  George  Forbes,  in  reply,  said  :  I  am  really  overwhelmed 

with  tfle  remarks  of  the  President,  which  were  somewhat  too  flattering 
with  regard  to  the  paper  r  and  the  remarks  which  one  or  two  others 
have  made  on  the  merits  of  the  paper  were  far  beyond  what  I  expertrd 
to  hear  from  Uiem*  But  I  am  very  j^hid  indeed  if  my  huntble  cimLriliu- 
tion  does  serve  any  useful  purposes,  and  [  think  that  possibly  some  d 
these  tables  al  the  least  will  be  of  practical  use  to  members.  The 
Kwster  method,  as  referred  lo  in  the  paper,  will  have  it^  chiel  applici- 
tions  in  cases  where  tlie  coist  of  generating  power  h  small,  and  when: 
the  electric  pressure  is  not  excessive. 

Taking  the  remarks  that  ivcre  made  in  order,  Professor  Perry  sa^-s 
he  wants  some  moi  e  figures  given  as  to  the  si^e  of  pliase  rectifiers  thi*t 
nnist  he  employed  for  doing  special  work.  Well,  I  have  distinctly  di so- 
cial ined  trying  to  act  as  a  professor,  and  to  teach  a  class-room  here  tlic 
elements  of  engineering.  I  am  sure  Professor  Perry  does  not  neerl  to 
he  lauglU  how  to  calculate  the  siiie  of  the  phase  rectifier  for  thai  pur- 
pose^  and  1  should  liave  thought  there  were  very  few  electrical  engineers 
in  this  room  who  were  not  perfectly  competent  to  do  thattur  theuistflve*. 
As  to  his  remark  about  boosters,  he  ver>*  aptly  commenced  by  saymj* 
he  did  not  understand  them,  and  his  suhsequenl  remarks  made  that>till 
more  obvious.  I  confess  that  1  find  my  own  ignorance  to  be  profoutjd 
in  attempting  lo  distinguish  Vietw^een  what  is  and  what  is  not  elc^mcntsyn' 
in  problems  of  electrical  transmission.  The  remarks  of  several  memhcrs 
have  rather  surin'i^aed  vfte*  \  V\vqv\^aV \\vA U\^:  booster  method  w*-A5  very 
eleiiK-ntary  work,  and  \\\aI  \\<nt  d^cvAVN  ^^Q\:i\i^  W  Vm\>^  vo,  ^*-xng  the 
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Mr,  Swintmruc  nmclc  the  whole  thing  about  as  ck'ar  as  possible,  and  I    E^^J^*"^ 
netfd  not  say  anything  more  rthoul  tli;it. 

I  ani  *>«re  we  are  all  indebted  to  Mr.  Ferranti  very  nuich  fijr  his. 
remarks,  hislorical,  practical,  and  prophetical — historical  in  ihe  past^ 
practical  in  the  present,  and  prophetical  in  the  future.  With  regard  to 
the  iur-blabt  Iransfomiers,  I  am  very  glad  to  have  the  information  he 
haij  given.  I  daresiiv  1  hrtd  the  information  once,  hut  I  am  sorry  to  say 
thai  I  had  forgotten  it.  His  remarks  about  the  bcnctit  of  motor-genera- 
tors are  of  value  lo  us  all,  and  I  am  sure  we  shall  all  give  great  weight 
to  Iheni,  Also  his  prophetical  enunciation  about  single-phase  low 
frequency  transmissions  are  pregnant  words  that  will  bear  f rttit,  I  hope, 
in  the  minds  of  many  people.  I  do  not  say  that  I  support  liini  entirely 
irj  that.  I  am  not  given  to  following  loo  much  in  well- worn  grooves, 
and  I  do  not  think  tit  at  this  reason  can  t>e  given  why  I  am  not  his 
follower  at  this  moment  in  that  idea,  though  I  daresay  he  is  perfectly 
right,  and  I  should  be  ready  to  admit  it  as  soon  as  I  have  had  further 
evidence  to  convert  me. 

With  regard  to  Mr.  Addenbrooke's  remarks,  I  do  not  know  that 
there  was  anything  that  I  need  answer,  Mr.  Esson  asked  me  whether 
there  was  any  booster  system  used  in  the  world.  Boasters  are  used, 
but  1  do  not  know  that  Mr.  Ksson  would  be  any  better  ofif  in  his'facihty 
of  studying  the  ;k1  vantages  and  disadvantages  of  the  booster  system  by 
seeing  one  at  work.  [  do  not  know  of  any  booster  system  that  is  at 
work  in  the  w^ayand  for  the  pmpose  described  in  this  paper  in  any  part 
of  the  world.  He  also  spoke  atxiut  phase  rectifiers.  I  thovight  it  was 
generally  known  that  manufacturers  abroad  when  making  tenders  for 
such  work,  frequently  propose  the  adoption  of  such  phase  rectifiers  to 
supply  the  so-called  wattless  current  which  is  required  by  the  motor^ 
and  whiclj  is  used  in  exactly  the  same  w*ay  as  the  Oerlikon  ones  w^ere 
usedj  which  every  one  knows  of.  Also,  1  presume^  every  one  know^s 
that  these  phase  rectitxers  do  work.  Whether  they  arc  economical  or 
not  depends  itpon  the  special  case,  and  upon  their  cost,  Mr.  Ksson 
asked  me  another  question  as  to  stranded  vcnus  solid  wires  in  their 
effect  upon  the  lag  factor,  I  do  not  think  there  is  any  difference 
between  them  so  far  as  the  lag  factor  which  I  have  been  discussing  is 
concerned,  hut  the  great  difference  comes  in  w*here  you  arc  dealing 
w^ith  w^hat  we  have  usually  called  skin  resistances.  Those  are  all  the 
questions  that  Mr.  Esson  w^auted  to  be  answered,  I  think. 

Mr,  Hamn^ondsays  that  since  the  Continent  pltunps  for  three-phase, 
liierefore  three-phase  nmsl  probably  be  rigid.  That  remark  Mipportii 
the  contention  that  I  put  forward  in  my  paper,  tfiat  many  people  w^ould 
be  saying  this,  and  that  because  when  I  leave  a  specitication  free  on 
this  point  I  am  always  getting  in  tenders  for  three-phase,  I  could 
perfectly  %veli  see  that  there  was  a  stereotyped  wiiv  in  which  people 
were  going  to  w*ork  in  their  tenders.  But  it  does  not  in  the  least  follow 
that  three-phase  is  the  best,  and  I  think  many  of  us  are  agreed  on  that 
point*  that  it  is  not  necessarily  so. 

I  think  1  have  answered  every  question  whic\\  vjtV^  \^vvV  lo  \wi4-&x^.^\ 
have  only  to  th;mk  tht'  speakers  most  \ii;*iit'i\y  ^ot  1\\*£  coxm^^v^^'^'^'^ 
which  thvy  hnvv  ^howa  jjie,  and   the  kind  wv^  Vu  tn\\vc\v  \\\^^  Vv^x'c 
received  the  papvr. 


fOWlft 


[A^i^h, 


dc^  ^iiik  Hie  rtditiw 
[  oi  tbc  aKidlc  point  ^iT 

II  ^Sirnrnt 
^  Od  deNTc  to  fans  arr  lyva  irk«ir^ 
Each  cn^iiifer  foond^^  tmi^pifaoiia 
I  oa  mhM  Ik  has  seeti  cif  the  expmcmcc  d 
N»  wot  b  ^tajpjwd  bf  Ikb  iodiviifaiaitty« 
E4cti  ol  vt  nitt«t  «oi«c  tb^r  pfohiewa  lor  hinsdf,  ^ind  net  by  bdi^ 
fold  wImI  a  or  6  tMoks  b  beaL  I  hanm  net  attcfpfitcd  in  Ibt^  fxaper  (o 
coAveit  aay  ooe  to  w^  views  aad  ihall  be  welt  coateni  il  t  b^v^  soppHcd 
QKlkrrtil  wonltir  of  carcfal  ooaaidcfatkwL] 

Ti>c  PicMJ[jf?i;T  ;  Before  1  ask  ?oq  Io  retto^  a  formaJ  toCc  ol  tJofilQ 
to  Frc4r!w^jrr  ForLie>  fcir  tliH  rpoch-iiBaJeii^  P^pcr  whidi  he  has  com^ 
mimicatcd  to  izs  K  wciiskt  tike  to  be  allowed  to  ^ay  two  words  3ls  la  ^ 
mailer  thai  lot  stniclc  me  ^eaAy  m  the  course  ol  this  drbaie.  Pro* 
feasor  Forb«i  ttmclc  a  note  cotiGerfitrig  the  natioial  miportancc  to  ti> 
at  IhiH  cri^iv  tliat  clectrtcal  m^iiccr^  should  appreciate  the  advanta^i^ 
*d  power  fji-ttrititittiin  on  :i  lair||e  scale.  Thai  nole  of  rtaticnial  imp^frt- 
;tme  U'iis  (rmpha'^i^cd  liy  Mr.  Ferranti*  siiid  ti»ijci»ed  upon  bv  Mr 
Hanimuml.  Ii  ha'*  been  alluded  Uk  I  lliiiik^  by  more  thi*ii  one  ollicf 
HpeakcTr  ;irid  it  h  iiiiu  wtiicli  I  feel  very  >trDngIy  upon  at  the  prc^cni 
liiiiCf  now  IliMt  ttiet»c  PaH km cnhir\'M:heme!»  are  approaching  di^^cus^kra^ 
We  have  here  a  probk-tn  that  cannot  tic  faced  from  the  small  aJid 
piiruchii*!  point  ol  view-  La^l  aiilimin  I  visited  nol  only  tlic  station 
ill  Patlt^niP  and  thai  of  Kheinfelden,  but  I  also  went  further  South,  ami 
\iMli'tl  a  new  ^tntion  al  Vii'./.ola,  It  iii  a  water-power  sta^tion,  taking 
ahonl  20,otx)  to  Ji,ooo  H  J\  froui  the  water  Ihat  flow^i  from  Ihc  Lafto 
Ma^iore,  ft  ts  jiot  to  M>pply  the  City  of  Milan,  which  is  only  ij  milt:^ 
away.  Milun  i.>  »»ypplied  with  lighl  and  power  from  Paderno,  further 
vmit  which  tuke^  IH  power  from  the  waters  flowing  from  the  Lalce  ut 
Uoino*  The  Vi//.ulu.  slalion  is  eregled  Uw  power- purpo&e^  in  the 
nm  I iHiiuhnf^  district  of  Lombardy.  t  am  told  ihat  half  the  power  iv»!v 
ContriRlLtl  foi  hcfurL"^  the  station  had  a  single  dynamo  put  into  il.  It 
hn>  In  provide  power  fur  the  industry  in  the  tlouri^hini*  town?^,  Mi 
whah  you  may  never  possibly  have  heard,  of  Gallarate,  Bubto  ArM^io, 
and  Himilaily  ot  Legnano  and  Saronna.  I  think,  with  the  exceptioa 
of  tA'gnano,  I  had  hever  heard  of  any  ont;  of  these  towns  until  t  went 
there.  1 1  wa*  exf^lained  to  me  that  Ihis  piece  of  Lombardy  is  tlic 
LiiucaB^tire  of  Ualy,  U\\\  ot  cuVUw  mills,  si  I  It  tujils.  and  of  various  in- 
.fjhlrfal  cntcipribc*  v*;\\kU  tcv\wuti  i^^i^v,  *^\\*£?5  ^t  ^^wwU^  to  have 
liai  wwci  disdiibul^V  \o  V\vv:vw  ^\ecuWA\>i  lic^s^m  Si^^\t  ^^Nt^Cj.  ^m^j^v 
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at  Vizzola,  at  high  pressure,  and  by  consent  of  the  local  authorities 
and  under  legal  authority  from  the  Italian  Government.  Now  we 
have  to  compete  in  this  country  with  these  manufactures  in  the  North 
of  Italy.  Are  we  to  be  debarred,  by  want  of  proper  legislation,  from 
being  allowed  to  get  our  power  from  the  coal-fields  distributed  electri- 
cally and  economically  in  the  same  way  as  cheap  power  is  distributed  at 
Niagara  and  Rheinfelden,  at  Vizzola  and  other  parts  of  the  world  ?  If 
Parliament  is  going  to  debar  us  from  that,  it  will  be  little  short  of  a 
national  misfortune.  I  ask  you  to  give  your  special  thanks  to  Professor 
Forbes  for  this  most  timely  and  most  important  paper. 
The  vote  was  carried  bv  acclamation. 


The 
Prc«idcnl. 


The  President  announced  that  the  scrutineers  reported  the  follow- 
ing candidates  to  have  been  duly  elected  : — 


William  James  Fletcher  Freeland 
William  Walter  Hughes. 
James  Robert  Percival  Lunn. 


Associate  Members : 

Alfred  Forbes  McCann. 
John  Maclean. 
John  Russell  Salter. 


Associates : 


John  Burns. 

Percy  Dewhirst. 

John  William  Ewart. 

T.  Frank  Courtier- Forster. 

William  Golledge. 

Christopher  H olden. 


Thomas  McGill. 

Herbert  Seaborne  Rawiings. 

Edwin  Rorke. 

Ernest  Marmaduke  Sellon. 

Hugh  Sharman. 

Tom  Fleetwood  Tate. 


Joseph  Geary  Wilson. 


Student : 
Hugh  Led  ward. 


CLASCOW  LOCAL  SECT/OS^. 


MfTTHOD  OF  CfIABGI3«;  FOB  PCBUC  SUPPLY 

OF  ELEcnucmr. 


Bf  W,  W.  Liaoi; 


All  Mctniopil  and  Campmf  i^Mioa  eog^mcenk  hwe 
cofiikkrcd  mon!  or  km  Ae  aeitmg  mttboOs  of  cfaatguig 
for  »  ptfUie  wpply  of  dedricilr.    This  las  not  been  so 

much  the  <a«e,  hofwewet,  wHb  nrnMsuhctmii^  and  contract* 
inn  engfne«rr«,  unksi  whaie  Ibey  hai^  had  sttppfy  statiom 
to  run,  pretumabfy  because  drctunstanc^  do  not  so 
immrdtfitdy  prei«  the  pfabfem  on  thctr  ncilice* 

In  onler  to  get  at  the  basi*^  y(k»n  which  the  vartau^ 
metluHh  al  pn^tcnt  in  use  arc  founded,  it  ts  necessary  to 
etsnmth^t  f  I)  Ihc  coiit  uf  the  difTerent  parts  that  go  Id  oiake 
lip  an  electric  power  station  ;  and  (2)  the  c€»st  af  generating 
the  energy*  No  two  cities  will  give  the  same  cost  for  all 
Ihc  different  itetn^i  that  go  to  make  up  either  of  Ibese^  but  in 
order  tliut  wc  may  have  figures  which  will  not  only  lie  of 
iiilcrt'Hf,  hut  with  which  I  shall  he  able  to  deal  with  sonic 
ea*e  and  freedom,  I  will  take  the  costs  of  the  Glasgow  Cor- 
poration I%leclricity  Department,  As  practically  the  greater 
nninht  r  and  ceriainly  the  moi>t  inaporlant  of  the  items  vi*r\' 
with  the  kilowatt-capacity,  it  is  cusitomary  to  state  these  at 
ihe  cost  per  k.w.  (one  kilowatt,  or  practically  iJ^  lup,). 

The  hrst  item  in  Ihe  capital  cost  of  the  power  station  i> 
**  land  and  Buildings.*'  This  item  is  of  course  particularly 
•inbjeet  lo  varialitJii,  according  to  the  lucal  price  of  land^ 
lalunir,  and  l^nildiny,  bnl  Uie  average  cost  of  the  three 
generating  stations  in  Glasgow  is  approximately  ^;i4  per  k*w. 

The  next  ilcm  is  **  Machinery  and  Plant/'  which  inctndes 
hnilei>,  Nleam-piping,  engines,  dynamos  pumps^  travelling 
cruiiei»i  switch lujards,  and  all  accessories  to  complete  the 
?<tatioii  proper,  and  will  come  to  approximately  £25* 
Accnnuilaiovs  sUud  ;\V  \Nvesc\\V  vsX  £,^^^^  ^av.    This  practi- 
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only  Other  iteni'^  being  instruments  and  swUchboaids,  which 
will  be  accounted  for  later. 

The  outside  work  consists  of  feeders  and  distributing 
mains.  It  is  the  largest  item  and  is  practically  jf45  per  kAv\ 
at  present^  although  no  doubt  this  will  be  very  much  less  in 
due  course.  Xfeters  account  for  £^4  per  k,w, ;  instruments 
cost  i8s.  per  k.\\\  ;  and  counting-house  furniture  and  fittings 
come  to  2s.  per  k.w.     This  gives  a  total  cost  ot'-^ 


i.  Land  and  Buildings 

2.  Machinery 

3.  Accumulalors*,^         „.        .,^ 

4.  Mains  and  Cable!^ 

5*  Meters ... 

6,  Inslrumcntii 

7.  Counlinj^'Houw  FumittJic,  etc. 

Total 


£  ^^ 

d. 

14   0 

0 

25   0 

0 

2   0 

0 

44   " 

0 

4    f> 

0 

0  18 

0 

0    2 

0 

Ctp    0 

0  pr.  k.w 

We  next  come  to  consider  the  annual  cost  of  each  of 
these  items,  /,t'.,  the  depreciation  to  be  allowed  on  each  of 
them.  It  has  been  the  custom  in  Glasgow  to  rate  and 
allocate  this  depreciation  as  follows : — 


£ 

S* 

d. 

£ 

H.    d. 

t  per 

cent.  1 

DH   14 

0 

a 

= 

0 

2      9 

71     11 

n 

25 

0 

0 

= 

I 

17     6 

10 

J" 

2 

0 

0 

= 

0 

4    0 

2i    ». 

M 

44 

0 

0 

^ 

I 

2     0 

6      .. 

*l 

4 

0 

0 

^ 

0 

4    ^> 

5      ,1 

*l 

0 

t8 

0 

^ 

0 

C    II 

5          r. 

*l 

0 

2 

0 

— 

0 

0    r 

£^ 

0 

0 

£3 

12    0 

I.  Land  and  Bnildini^s     .., 
3*  Machinery 

3.  Accumulators    

4,  Mains 

5,  Meters 

6.  Instruments 

7*  Counting* House   Furni- 
ture  


This  gives  an  annual  cost  per  k,w,  of  ^3  12s,,  or  an 
average  cost  of  just  4  per  cent,  on  the  capital.  There  is 
further  interest  on  the  capital  at  the  rate  of  3'i  percent.,  and 
a  Sinking  Fund  to  be  allowed  for  at  the  rate  of  i  per  cent., 
which^  together,  make  a  total  of  8'i  per  cent,  on  the  capital^ 
or  a  cost  of  £y  5s.  gd.  per  k*w*  of  phint,  no  mattiit  '^WXJcv^x 
the  plant  is  used  lor  snpplyittg  i  unil  ot  %|OWi  \im\s.  W 
is  therefore  c/ear  fhat  any  cnnHumer  wVo   a3f»\i\\v:^  ^-^  ^^ 


»iSO  LACKIK:   MKTHOD  OF   CHARGING   FOR  [Glasgow. 

Supply  Compiiny  and  causes  one  k.w.  of  plant  to  be  put 
down,  and  whose  bill  is  under  ^^7  9s.  5d.  per  annum,  does 
not  pay  the  bare  cost  of  the  upkeep  of  the  plant,  not  to 
mention  the  actual  cost  of  generation,  /.^.,  the  cost  of  coal, 
oil,  etc.  These  are  the  chief  items  which  go  to  make  up 
what  are  called  the  Standing  or  Stand-by  Charges.  Other 
items  which  might  fairly  be  added  to  the  stand-by  charges 
are  the  rent,  rates  and  taxes,  and  part  of  the  management 
expenses.  If  these  items  are  added,  the  above  figure  is 
increased  by  £1  los.  3d.,  and  the  standing  charges  are 
brought  up  to  £H  i6s.  If  the  items  last  mentioned  are 
omitted,  it  simply  means  that  the  actual  cost  of  the  unit  will 
be  increased. 

The  items  included  in  the  actual  generation  of  the 
current  practically  vary  in  proportion  to  the  units  generated, 
and  are  coal,  oil,  waste,  water  and  stores,  wages  of  workmen, 
repairs  and  maintenance.  The  cost  of  these  items  in 
Glasgow  for  the  past  year  was  as  follows  : — 

Coiil         -5411. 

Oil,  etc -(/xi. 

Wages      •26d. 

Repairs     ...         ...         ...         *42d. 


r28d.  per  unit. 

I  understand  that  Mr.  Wright,  of  Brighton,  not  only  puts 
under  the  head  of  Standing  Charges  the  items  I  have  men- 
tioned, viz.,  depreciation,  interest,  sinking  fund,  and  manage- 
ment, but  he  also  includes  stand-by  coal  charges  used  for 
banking  fires,  etc.,  and  all  wages  of  workmen.  In  this  I 
think  Mr.  Wright  is  taking  an  extreme  view,  and  I  submit 
that  a  portion  of  the  wages  of  firemen,  enginemen,  and 
engineers  should  go  to  the  running  expenses. 

At  this  point  there  are  three  figures  which  it  would  be 

well  to  note  specially:  (i)  the  amount  of  kilowatts  of  the 

consumer's  application,  (2)  the  maximum  demand  of  all  the 

consumers  added  together,  and    (3)    the  greatest   demand 

made  on  the  station  at  times  of  full  load.     The  maximum 

demand  of  all  the  consumers  added  together  is  equal  to 

about  70  per  cent,  oi  \\\^\x  -acfs^^^A^  vv^^Ucation,  and  the 

turn  demand  m-ade  ou\\\vi  s\\\\:\o\\\s?\^^\\V^^^5e\  ^^\^. 

il  power  appVied  lov.    W  V\\vi  sV-^w^wa'^  Occ»^  ^ 
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^*8  ife,  per  k*\v.  ot  plant  in  station  is  to  he  proportional 
to  the  consumer's  appiicatitjn,  the  charge  should  be  ^4  8s. 
per   k.w,   of  application  ;    if  according  to  the  maximum 
demand  of  the  consumers,  the  charge  will  be  £6  4s.  fiittSf 
in  each  case,  a  charge  to  cover  the  cost  of  generation  per 
unit.     Take   it  that   it  is  to   be  proportional  to  maximum 
demand,  r.t%,  each  consumer  is  to  pay  £6  4s.  per  kilowatt, 
phis  in  each  ca?^e  a  charge  to  cover  the  cost  of  generation 
per  unit   of  maximum   demand   as   his  share  of  standing 
charges  fyttts  ;i  sum  of,  sa\%  for  the  presejit,  2cL  per  unit  to 
cover  the  cost  of  generating  the  cnrrent.     The  system  of 
charging  adopted  in  Glasgow  allows  of  this  £6  4s.  being 
paid  practically   in  three  ways — certainly  in  two*     It  may 
either   be   paid    in    twelve   equal    monthly   instalments    of 
10s-  4d.  per  k,w-j  or  it  can  be  paid  in  365  equal  payments 
of  4d*,  i.e.,  on  the  first  365  units  per  k.w,  pttts  in  each  case 
2d.  per  unit.     This  last  case  we  are  all  famiii(U-  with.     It 
corresponds  to  the  first  system    of  charging  for    200- volt 
supply   offered   by   the   Coiporation,  which    is  that,  for  a 
quantity  not  exceeding  the  maxinuim  demand  for  365  hours 
per  annum,  the  charge  is  6d,  per  unit,  and  for  all  above  this 
quantity  id*  per  unit.     The  first  method  of  paying  off  the 
standing  charges  is  also  offered,  liiit  the  Corporation  having 
introduced  the  Maximum  Demand  System  and  Maximum 
Demand  IndicatoVs,  and  wishing  to  do  without  the  latter, 
have  no  alternative  but  to  charge  on  the  consumer's  applica- 
tion*    The  charge  is  also  slightly  higher,  being  ^6  15s,  5d. 
per  kAv*  of  application.     If  all  the  consumers  would  agree 
to  pay  on  their  application^  1  have  no  doubt  this  charge 
would  be  nearei-  the  figure  1  have  slated,  viz.,  ^^4  8s.  per 
k,\v.     This  system  of  charging  is  by  Jio  means  new.     Dr. 
Hupkinson   drew  attention   to  the  matter   in    his   classical 
paper  read  before  the  Institution  of  Junior  Engineers,  and 
clearly  proved  that  "the  cost  of  supplying  electricity  cannot 
be  correctly  defined  at  so  much  per  unit,  unless  the  rate  of 
supplying  that  unit  is  also  stated,  and  showed  that  the  cost 
depends   much    more  oji    the   greatest   rate  ai   wliich  the 
electricity  has  to  be  supplied  than  it  does  on  the  amoimt 
actually  used.     He  moreover  urged  that  it  was  b)oth  morally 
unjust  and  commercially  inexpedient  lo  cWt^^£  iv  \it\\\e^^\w 
rate  for  a  manufactured  coniiiiodity  Nvl\\c\\»  u\  ^v^^  C3t^^% 
might  obviously  rtquivi^   ten     times    us    tr*uc\\    ^XvvcvV    wt 
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manuiacturing  as  it  would  in  smoiherr  <^Dg  ^^  i^  having 
pa^sthly  to  !>•  '    t  ten  time^  as  great  ;&  raic^     Mr. 

Aiihur  WrigLi  -.t,  1  Wic\^,  to  make  practice  u«: 

of  litis  ida.  In  a  return  made  by  the  Town  Clerk  ol 
GkMJcettler  lasl  year,  tl  appears  that,  out  of  6d  local  autbori* 
tie^owfting  electricity  supplies^  forty  use  Wright's  indicator 
and  ity^tefn  of  chari^mg.  In  some  cases  tnolive  power  is 
quolcfd  at  a  lower  uniform  rate,  hut  the  sole  reason  for  this 
rcductioH  {%  that  tfie  chances  .irt  th;a  motive  p<i\ver  will  he 
UHcd  fur  some  four  or  five  hours  per  day  throughout  the 
whole  year^  but  it  sfeems  unlair  that  a  Hinrilar  benefit  should 
not  bf  extended  to  long-hour  consumers  using  current  for 
lighlmg  purposen,  seeing  that  the  cost  of  generation  is  the 
same  whellR-r  the  energy  be  used  fur  power  or  lighting. 
The  third  method  ofyered  by  the  Glasgow  Corponitioii  is  a 
Uniform  R.ite,  and  is  as  follows  for  the  20o*volt  supply. 
Cuneril  is  supplied  at  a  uniff>rm  rate  of  2d,  per  unit  pro- 
vided tlu-  custiMuer  afjrecH  to  pay  fc»r  a  quantity  correspond- 
ing to  Iiis  maxjmym  demand  for  the  equivalent  of  five 
hours  per  day  fur  365  days  in  the  year,  /.!%,  for  1,825  houn* 
pL*i  auiuiiu.  Hufler  this  method  the  applicant's  standing 
charges  are  spread  over  al  least  1,825  hours,  and,  on  a  charge 
of  £6  4H.,  therefore,  only  amount  to  o'8d.,  that  is  suppos- 
ing his  cansnmpliun  exactly  equals  1^825  hours  of  maximum 
demaiul.  The  actual  av^erage  works  costs  per  unit  are 
riHd,  for  an  average  uf  ih  huiu's  per  day  consumpt  on  the 
whole  station  ;  so  that  it  is  nut  underselling  the  current  if  a 
consumer  using  it  for  five  hours  per  day  per  annum  gets  it 
at  2d,  It  may  be  asked  why  it  is  necessary  to  adopt  this 
method  of  charging  fur  a  supply  of  electricity  when  gas  is 
i^upplied  at  a  unifurtti  rate*  I  think  we  only  need  to  apply 
the  Maximum  Demand  system  to  a  gas  supply  to  see  the 
reason  and  the  necessity  for  this,  especially  al  the  com* 
incncenient  of  an  electrical  installationj  for  later  on  it  may 
be  possible  to  level  things  down  a  little  and  to  make  the 
system  uf  charging  mure  tmifoi  ul  1  take  the  Gas  Accounts 
uf  the  Gtasg4nv  Corporation  Gas  Department  for  last  yea^ 
from  the  Giis  U\>Htl  Year  Book,  Tfie  oipital  in  Works  and 
Plant  IS  ^*i, 3 1 5,680-  These  works  and  plant  I  roughly 
aticulate  supply  \v\\a\  v\  xsovkld  take  1 1 2,000  k-w^*  of  electric 
plant  to  supply,    T\\e  co's\  v^  'tc^\\vA^\\\di.'a.V.m.\a  there- 
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The  ^iinounl  written  off  for  dt-preciation  was  i35i7i^p  or 
2*7  per  cent.  Interest  and  sinking  fund  account  for 
£?6c;,933,  or  yi  per  cent.  This  makes  ii  total  of  5'8  per  cent., 
or  an  annual  cost  of  13s.  yd.  fur  g^ks  plant  as  against  the 
annual  cost  of  ^"7  5s.  Qd.  per  k.w.  for  electrical  plant*  If 
the  management  expenses  are  added  to  this,  the  sum  of 
15s.  yd*  h  raised  approximately  to  14-s.  6d.,  which,  if  divided 
into  365  equal  p*iymentSj  is  less  than  Ad.  The  actual  costii 
of  making  gas  are  given  as — 


■ 


tkialr  etc 

Di^trihulioti,  etc. 
Sundry  cliargL-5 
and  the  gro^s  cost  of  gas  is  is. 


1$,  4kl,  per  1,000  cubic  fecL 
OS.  2jd,    ,. 

o^  I  id,   ,j  „  „ 

ii|d*  pi?r  1. 00a  cubic  feet— say  zs* 


The  charge  for  gas  on  the  Maximum  Demand  System 
would  therefore  be  something  like  this  :  as,  o^d,  for  the 
first  365  hours  of  maximum  demand ,  and  is.  for  all  used 
above  that.  You  can  therefore  uiidcr*itand  why  a  uniform 
charge  of  2s.  ad.  is  adopted.  I  would  like  to  give  you  one 
oilier  set  of  figures  in  this  connection. 


The  otpital  of  the  Gas  Department  i^    ..* 

And  the  lievcnue  is, , 

{OT  nearly  50  per  cent*  of  tiie  capital). 
The  capiul  of    the    Etectricity  Depart nieut    was*  at 

31*1  M.ty  fast ,         .,.         ...         

And  the  Revenue  was 

(or  only  13  p<*r  cent,  of  the  capitnl). 


£ 

1.3' 5.^^ 
631.644 


3^2,000 
44»>4« 


^: 


This  also  shows  the  difference  between  the  two  HU|iplies. 
No  doubt  the  c^ipital  of  the  Gas  Uepartment  is  very  low,  for 
the  department  has  been  in  existence  lor  thirty  yeani,  and 
has  regularly  written  off  large  sums  for  depreciation,  which 
go  to  reduce  the  capital.  Tfie  Electricity  beparlnieiU  wdl 
have  a  similar  bencht.  These  figures  must  be  taken  as  only 
approximately  correct,  as  tliere  are  other  items  which  enter 

ito  the  gas  accounts,  such  as  the  sale  of  residuals, 

t   now  wish  to  consider  brictiy  the  ipiestion  :  In  what 
tlrreclton  are  we  to  look  for  a  reduction  ni  our  present  price 

id  a  nearer  approach  lo  a  uniform  rate  ? 
The  Hrst  item  on  the  capital  ci>st   sheet  is   I^uid   and 

uildings.    This^  for  iieveral  rcasoi^s^  shouXd  be  ^V  \'c;a£X 
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haK*ec),  making  it  £j.  The  cost  per  k-w^  for  pUnt  would 
come  down  to  sotiielliing  like  ^16.  Accumulators  will 
at  It^a^t  be  quarlcrccK  Mairis  and  cables  should  ;ippru;ich 
i:*33-  (Tfiu  result  of  ;in  increased  pressure  of  supply  would 
have  niatertally  lowtrrtd  this  item  had  not  tht:  price  of 
copper  nearly  doubled  itself  just  as  the  200-  and  250- volt 
lamps  were  coming.)  Meters  will  be  increased  and  may 
be  doubled.  The  other  two  items  will  at  least  be  halved, 
and  we  hope  in  the  course  of  time  to  have  a  capital  cont  per 
k.w.  of— 


£    ^^ 

d. 

£ 

S, 

± 

r. 

Land  und  Hyildings,., 

.      7    c 

0     . 

t    per 

cent.  0 

I 

4 

2. 

Miichincry  uml  PLint 

.     16    a 

0     . 

■■      7i    .r 

*f     1 

4 

0 

.V 

Accnmulutors,** 

.      0  10 

0     . 

*     10      ,» 

11    0 

I 

a 

4- 

Muins  ;md  Cables     .,. 

'    33    0 

0     , 

..       2i    „ 

Tl           0 

16 

6 

5' 

Meters »,, 

.       8    0 

0     , 

,-      6      ., 

.*           0 

9 

6 

6, 

In-*truniciU^   ... 

-       0    ^ 

0     ♦ 

5 

M           0 

0 

5 

7' 

Cctuiitiii^-hoLis*:  Furniture  .. 

0     1 

0     . 

"         5         n 

..           0 

0 

ol 

£6$    o    o  per  k.w*  £3  tz    9} 

Allo\vin|4  the  same  rate  of  depreciation,  the  sum  of 
^3  12s.  is  reduced  to  £2  125,  gid.  ;  adding  on*  as  l^fore, 
3  per  cent.,  and  i  per  cent,  on  a  smaller  capital,  we  have 
the  standing  charge  of  £y  $s*  gd.  reduced  tu  £^  5s,  id., 
and  adthiig  on  management  expeiises  the  sum  wilt  not  be 
more  than  ^5  los.  This  will  have  the  etTect  of  reducing 
the  sum  of  ^6  45^  per  k.w,  of  maximum  demand  in 
my  first  figures  to  ;^j  17s.  per  k.w.  The  selling  price 
per  tin  it  will  no  doubt  be  reduced  too,  but  it  will  only  be 
by  decimals  of  a  penny.  Let  us  assume  it  will  be  reduced 
to  i]cLper  unit.  On  the  Glasgow  prices  and  methods  of 
charging  the  figures  ihen  would  be  3!{d.  per  unit  for  a 
quantity  equal  tu  365  times  the  maximum  demand,  and 
t  |d.  per  miit  thereafter,  or  if  every  consumer  would  agret- 
to  it  under  die  fixed  charge  method,  ^'2  15s.  per  annum 
or  4s.  jd,  per  month  per  k.w*  (i.f.,  is,  8d.  per  iinnum 
per  8  c.p»  lamp  fixed)  of  application,  plus  i|d,  per  unit, 
or  ijd,  all  round  fur  a  con,sumer  using  at  the  rate  of  live 
hours  per  day.  Further,  the  depreciation  written  off  from 
year  to  year,  and  Ihe  ^\wV\\\%  l\wi^,  \\\U  1^0  to  reducing  the 
capital,  so  thai  even  )\\^^m  ^\^v\v^s  \\\a>]  \^xl  V\i\^\\^x  x^<ba,^y»L 
char  ^e  m a^  ^^^  a.4oi^V^6.  WVq\^  W 
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realised,  but  it  will  undoubtedly  require  to  be  one  in  which 
consumers  are  classitied  according  to  tlieir  probable  liours 
of  lighting.  Even  then  there  will  be  cases  where  con- 
sumers should  be  charged  higher  or  lower  rates  than 
those  used  for  the  bulk  of  the  consumers.  From  a  table 
made  out  by  the  Reason  Manufacturing  Company,  classi- 
fying consumers  of  electric  energy  in  Brighton,  it  is 
shown  that  in  the  case  of  shops,  for  instance,  6  per  cent* 
of  them  use  the  light  for  under  one  hour  and  6  per  cent, 
use  the  light  over  four  hours.  The  great  majority  use  it 
between  two  and  three  hours.  Such  a  method  as  this 
averaging  would  mean  that,  in  Glasgow- 


Shops  would  be  charged 
PrivHtu  Houses 
Hotels  and  Clubs    *.. 
Public-houses 
Offices 

Theatres 

Hospitals      

Schoob  and  Churches 


5d. 
4± 
3d. 
lid, 
6d, 

2d. 

5d. 


The  maKimum-demand  method  undoubtedly  gives  a  means 
of  charging  each  consumer  as  nearly  as  possible  the  actual 
cost  of  iiupplying  his  energy^  except  in  the  case  of  one  who 
does  not  use  his  supply  for  the  equivalent  of  one  hour  per 
day»  A  uniform  rale  places  tlie  supply  company  in  the 
position  that  they  may  be  supplying  one  consumer  at  a 
dead  loss,  while  they  may  be  charging  another  consumer 
double  the  price  he  ought  to  pay.  The  differential  rate,  on 
the  other  band,  assesses  consumers  so  as  to  yield  an 
approximately  equal  rate  of  profit  on  each  consvunei% 
Tiie  Board  of  Trade  allows  a  maximum  price  of  8d,  per 
unit,  and  a  minimum  bill  of  £2  13s*  4d.  per  annum.  Tlie 
maximum  price  at  present  is  6d»,  and  no  minimum  bill  has 
so  far  been  enforced. 

The  object  of  a  municipal  supply,  it  may  be  said,  is  that 
from  Corporation  ownership  and  management  a  general 
henelit  may  accrue.  This  is  true,  and  the  resuH  is  that  all 
consumers  are  offered  a  supply  of  current  on  the  same 
terras,  irrespective  of  the  part  of  the  dlNf  \\\  \\Aa\c\\  ^^ 
premises  to  he  supplied  may  be  situated,  and  ?X  'a  raV^i  ^a^A 
l^mcticaliy  none  of  the  consumers  could  m  tt\e  ewd  ^to^v\e^ 


LAt.KiK      MF.TH'jTj    OF   CHARGING   FOE 


'G'at&g<:iW. 


i»  i^r:  fh':iii-.r:l\>:s.  In  thi-  connection  I  may  say.  however, 
fhar  i  rr:',':nriv  h^-nrd  or  .1  house  in  London  which  was 
arlv-rti-.^jrj  To  i'rr  **  hrtcd  with  eicctric  light  and  favourably 
;r«{;ir(:rj  rirrar  n  fr:t:riin'4  point  ot  the  company's  mains." 
I'lirth^rr,  hy  th^-  CiiTibmation  of  all  classes  of  premises  the 
(■iif:f.t  \'.  th:if,  to  mr:er  the  demand  of  the  whole  community, 
rlMT*-  i^  rc-juired  to  be  put  down  only  half  the  plant  which 
•Aoiild  Iv!  ncu;--»ary  it  each  had  an  installation  of  its  own. 
I  'vVili  here  call  your  attention  to  some  curves  (F'ig.  i)  1 
hav  drawn  show;n;;  the  co^t  (A  a  one  to  twenty-four  hour 
(i^n-.iirnrr  in   varKju-^  cities,  and    to  a   curve    showing  the 
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.u'luiil  ('()s(  of  sucii  a  supply.  The  thick  dotted  line  shows 
liu-  actual  cost  of  a  supply  in  (Masgow,  and  the  other  curves 
aif  for  Olasi^ow  charj^a*s  of  6(1.  and  2d.,  and  6d.  and  lid.; 
WInti'chapcl,  Sd.  and  id.;  Bradford,  4jd.,  2^d.,  and  id. 
In  Aberdeen  the  charLjcs  for  lighting  are  6d.  per  unit  for 
the  Inst  ^05  hours  of  niaxiiiuuii  demand,  and  3d,  per  unit 
theieatter;  and  for  motive  purposes,  4jd.  and  l.Jd.  Other 
nunuvipalities  under  this  sysleiii  are — 

Hiicliton         ...     7tl.    lor  the  hist  305  hours  and  ifd.  thereafter. 
Mi.ullonl         ...     .\\k\,  tor  3  liouTN.  .vUi.  tor  4  hours,  id.  for  8  hours. 
M;n\v  ho^lei      ...      -^s\.,  01   {";  jhm-  annum  per  k.w..  f^lus  ijd.  per  unit. 
ShtMiihti'h      ...     ><1.  lor  7^^  hiniK  ^^\^\  jd.  thereafter. 
Sl.\ri«ii.l  ...     7,1.  tor  \\w  II  hiM!:s  \x\  winter  and  4  hour  in  summer. 

AUvl  vl.  tile: e.ittei". 


nWorin  rule  1^  chAv^^^A  \Wvc  vA  <^A.  \^\  v\v;\\  ^qj^  Xv^xv^, 
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and  i^  per  unit  for  power»  with  discounts  1  believe*  The 
success  that  has  attended  electric  hghting  in  Edinburgh  is 
no  doubt  partly  due  to  the  high  price  of  gas,  viz.  3s,  4d.,  as 
against  Glasgow  at  2S.  2d.,  and  to  the  Hberal  use  of  elec- 
tricity ill  street  lighting.  Not  only  has  this  raised  the  load 
factor  of  the  station,  r>.,  the  ratio  of  the  number  of  units 
generated  to  the  number  that  could  be  generated  if  the 
greatest  load  remained  on  for  24  hours  per  day  through- 
out the  whole  year — 50  per  cent,  higher  than  we  have 
in  Glasgow,  but  it  has  been  the  means  of  their  selling  a 
greater  number  of  the  low-rate  units,  w^hich  are  the  units 
on  which  there  is  by  far  the  greatest  profit.  Still  it  is 
probable  that  in  Edinburgh  there  are  consumers  who 
should  only  be  charged  i|d.  per  unit,  and  others  6d,  per 
unit.  In  two  supply  stations  meters  registering  at  different 
rates  have  been  used,  the  object  being  to  charge  the  low 
rate  all  day  long,  and  then  sixpenny  or  standing  charge 
units  between  the  hours  of  sunset  and  sunrise.  This,  of 
course,  tells  hardly  on  the  long-hour  consumers,  who  use  the 
power  late  in  the  night,  and  1  cannot  see  why  they  should 
not  be  treated  in  the  same  way  as  the  consumers  who  use  it 
for  long  hours  during  the  day.  One  other  point  you  must 
all  reme-inber,  that  a  supply  in  Glasgow,  London,  and 
Manchester  is  different  from  that  in  every  other  city,  in  so 
far  as  it  has  to  meet  a  day-and-night  demand  on  foggy  days, 
and  nothing  tends  more  to  give  the  supply  a  bad  reputation 
than  failing  on  such  a  day  just  when  it  is  most  required. 

I  have  thus  tried  to  give  some  idea  of  the  basis  upon 
which  the  more  prevalent  methods  of  charging  for  elec- 
tricity are  founded,  how  these  methods  work  out,  and  how 
they  are  likely  to  be  modified  and  developed  in  time  to  come, 
1  can  conceive  of  the  objection  being  raised  to  this  paper 
that  it  is  hardly  a  legitimate  and  suitable  one  for  such  an 
institution  as  this,  inasmuch  as  the  subject  with  which  it 
deals  is  not  one  with  any  direct  or  immediate  bearing  on 
any  branch  of  engineering,  electrical  or  otherwise.  To  this 
1  reply  that  this  subject  is  one  of  vital  importance  to  the 
success  and  development  of  a  public  supplv,  and  ought^ 
ihcreforc,  to  be  of  interest  to  all  electrical  contractors  Aud 
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TABLE    I. 

CAPITAL    AND    STAND-BY    CHARGES. 


Car:'-»'-     ^Si^n       ^^^  Annam. 


Capital. 


Per  Annum. 


Perre 

I 

Land  &  Buildini^'^ 

£-14 

I 

:  2 

Machincry 

£25 

7i 

'3 

Acciimulator^     ... 

£2 

10 

'4 

Main^ 

i:"44 

2i 

'  5 

Meters      

.i-4 

6 

J} 

Iii-triniRnt^ 

S,- 

5 

'7 

CnnnliiiLj  -  Hoii'-c 

2,'- 

.■^ 

VI  '/i>  Interest 

I  ';.',  Sinkinf^  I^'nnd    ... 

Ma  na;4i'nuMi  t    Kx- 

Total 


19^ 


£    s.    d.  £    s.    d.  £    s.    d. 

020  700  014 

I    17    6  16    o    o  140 

040  OIOOOIO 

I     2    o  33     o    o  o  16    6 

049  800  096 

ooii  090  005 

001  010  00    oi 

3   12    o  65 


00       2   12    9J 
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2   15  9 

o  18  o 
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I    I    10  3 

;  8  16  o 
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o  13    o 
5     6     I 

O      3    II 


5  10    o 


TAIU.K    II. 


( ras     . . . 
Elcclricitv 


Capital.  IStaiid  by  Charjjcs 

per  Kqiiivaknl    '    per  Kquivalcnt 
ill  K.W,  ill  K  W. 


Cost  of  Matcri.al  uicti 
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Pei^CeoL 

Per  Cent. 

Ri^vctiuc       ..<     ...     ,..     ... 

£f>3i*^ 

70     ! 

£44'H^ 

30 

;f437.^> 

^13,141 

Distribution  Hates  Kcnts,  1 
Taxes  and  Maria^cnieiit  > 
Expenses       ...     ...     .,*  ) 

£H2^7 

14 

£10,872 

24 

Depreciation       

£^S7^ 

11 

j£7.5^J 

17 

Interust  and  Sinking  Fund 

£3S^7^S 

s 

£12,6®; 

29 

Mr,  H,  A.  Mavok  t»aid  that  the  Section  wa;?  much  indebted  to  Mr,  wr  m^i^w, 
Lackiu  for  Ms  paper,  but  that  he  could  not  agree  with  all  the  autlior'i* 
concluMons.  In  discussing  the  figures  given  in  the  paper  for  cost  of 
supph\  he  (Mr.  Mavor)  pointed  out  that  a  large  private  eonsumer  uf 
electricity  would  probiibly  produce  current  as  cheaply  as  would  the 
Corporation,  and  would  sa%*e  the  expense  arising  from  the  distribution 
system  inseparable  from  the  public  supply.  He  also  pointed  out  that 
l!ie  amount  standing  at  the  debit  of  station  cbiirges  for  labour  was  very 
heavy  indeed  as  compared  with  similar  charges  incurred  by  private 
1,  t  Hisuniers  of  electricity  and  producers  of  power,  the  discrepancy  arisj- 
ing  largely  from  the  fact  that  electric  lighting  gives  a  very  small  load- 
factor  as  compared  with  that  of  ordinary  manufacturing  operation jj. 
He  called  attention  to  the  fact  that  his  company.  Mavor  &  Coulsou  Ltd., 
introduced  the  maxiniuni-demand  system  of  charging  in  about  the  year 
18KH.  and  that  they  were*  he  thought,  the  originators  of  this  method  of 
charging  for  currejil  He  called  attention  to  the  interesting  fact  that 
the  avenige  demand  in  relation  to  total  lamps  wired  seemed  to  be  about 
the  same  as  he  had  found  it  in  the  days  w^hen  public  supply  was 
originated  in  Glasgow, 

Mr,  K*  G,  TiDU  considered  an  allowance  of  24  per  cent,  for  deprecia-  ^Ir,  TMd^ 
tion  plus  I  per  cent,  to  sinking  fund  for  cables  and  .tccunmlators  was 
rather  higlj.  He  thought  that  repairs  to  faults  in  the  cables  should 
be  dealt  with  mider  the  head  of  upkeep^  and  that  a  cable  once  properly 
hiid  and  undamaged  had  practically  no  depreciation.  He  also  applied 
similar  remarks  to  the  case  of  accuumlators^  and  said  that  he  believed 
iiKikers  were  prepared  to  maintain  the  haltery  at  a  very  nmch  lower 
cost  than  Mr,  Lackic  put  down. 

Mr.  Lackie,  ill  his  reply,  thanked   the  s\>eaker^  \m  X\\<i  l-a^ov».rA^\vi  w^a^ 
crilicisniii'  on  /i/s  p'*ipvr.     In  reply  lo  Mr.  Mavor  \\\t  -savd  l\\"al^  tcv>\^^V^ 
:>pGaking,  a  ct^nawuer /lavin^  a  maximum  demand  oi\cs^V\vAiv  ^oVaQN«vvV.\s* 
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and  who  used  his  power  for  less  than  5  hours  per  day  throughout  the 
whole  year,  would  tind  it  cheaper  to  take  his  supply  from  the  Corpora- 
tion. Althouf^h  a  private  installation  saves  the  capital  cost  of  mains,  the 
Corporation  have  only  to  put  down  half  the  plant  a  consumer  requires, 
so  that  the  capital  cost  per  consumer  is  half  the  figure  stated.  The  rate 
of  interest  also  which  the  Corporation  pay  for  theii  money  is  about  half 
that  at  which  a  private  consumer  would  borrow  it. 

In  reply  to  Mr.  Tidd  he  would  point  out  that  depreciation  all  goes  to 
reduction  of  capital  and  is  for  the  benefit  of  the  community  in  the 
end,  though  he  did  not  tliink  that  2^  per  cent  for  depreciation  on  mains* 
was  excessive,  even  although  repairs  of  mains  were  done  at  the  expense 
of  revenue.  He  also  maintained  that  the  maximum-demand  indicator 
was  a  good  healthy  instrument,  for,  if  the  consumer  knows  that  his  bill 
depends  more  upon  his  maximum  demand  than  upon  the  number 
of  units  used,  he  will  watch  that  he  does  not  waste  light  or  current. 
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The  Three  Hundred  and  Forty-seventh  Ordinary  General 
Meeting  of  the  Institittton  was  held  at  the  Institution  of 
Mechanical  Engineers,  Storey*s  Gate,  Westminster, 
on  Thursday  evening,  May  3rd,  1900— Professor 
SiLVANUS  P.Thompson,  F.R.S,, Presidejit,  in  the  Chain 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
April  26th,  1900,  were  read  and  confirmed* 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  they 
should  be  suspended  in  the  Library* 

The  following  transfers  were  announced  as  having  been 

approved  by  the  Council : — 

From    the   clas*^   of    Associates    to    that    of    Assocfate 

Members — 

Osborne  Pearston.  |  Edward  John  Wade, 

Messrs-    R.    C,    Quin    and    J,    Hall    were    appointed 

scrutineers  of  tlie  ballot* 

Donations  to  the  /Jir/Wnf^F«/ft^  were  announced  as  having 
been  received  since  the  last  meeting  from  Messrs*  G.  John- 
.son,  J,  C,  Matthews,  C*  E.  Wilson,  and  W,  Golledge,  to  all 
of  whom  the  thanks  of  the  meeUng  were  unanimously 
accorded. 

The  President  ;  1  have  the  pleasure  to  announce,  on 
behalf  of  the  Council,  that,  in  accordance  with  our  Articles 
of  Association   which  permit  us  every   ^ea^   to  e\ecV  c:i\A^ 
Honorary  Member^  the  Council   has  e\t;clt::c\  a^  Wq^uot^^^ 
%'ou  xxix,  47 
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Member  for  1900  our  past  President,  Mr.  Joseph  Wilson 
Swan,  F.R.S.,  and  that  Mr.  Swan  has  kindly  informed  us 
that  he  is  willing  to  accept  that  nomination  of  Honorary 
Member. 

I  have  also  to  announce  that  the  Council  has  fixed  the 
date  of  the  annual  Conversazione  for  Tuesday,  June  26th. 


THE  CALCULATION  OF  DISTRIBUTING  SYSTEMS 
OF    ELECTRIC    TRACTION    UNDER    BRITISH 
V^'  CONDITIONS. 

By  H.  M.  Sayers,  Associate-Member. 

The  design  of  electrical  distributing  systems  in  this 
kingdom  has  been  practised  hitherto  almost  exclusively  for 
electric  lighting  purposes.  The  short  daily  duration  of  the 
hea\y  load  and  small  annual  load  factor  obtained  in  most 
cases  induce  economy  in  capital  expenditure,  and  the 
current  density  at  times  of  full  load  is  restricted  by  con- 
siderations of  pressure  variation,  rather  than  by  losses  in  the 
conductors.  The  conditions  of  working  electric  tramway 
systems  are  so  different  that  calculations  of  another  order 
come  in,  and  very  materially  affect  the  design  of  the 
conductors  when  highest  total  ecomony  has  to  be  studied. 
The  principal  special  conditions  are  as  follows  : — 

1.  The  high  load  factor — due  to  the  fact  that  a  large 
output  is  called  for  throughout  the  whole  of  the  working 
hours,  which  are  usually  from  15  to  18  per  day  in  the 
United  Kingdom.  There  are  daily  ''peaks"  and  seasonal 
peaks,  but  the  hills  and  valleys  are  of  much  less  extreme 
character  than  those  observed  on  a  lighting  system. 

2.  The  permissible  variation  of  pressure  is  much  greater. 
So  far  as  the  working  of  the  line  is  concerned,  the  only 
limitation  is  that  sufficient  pressure  be  given  at  every  point 
to  enable  the  cars  to  keep  schedule  time.  At  the  speeds 
allowed  in  this  country,  and  with  the  motors  usually  fitted, 
a  variation  of  10  per  cent,  of  the  normal  pressure  causes  no 
inconvenience. 

3.  The  unsymmetrical  arrangement  of  the  two  con- 
ductors, as  belwecu  VV\e  ovvt^oing  or  insulated  positive 
conductor  :  and  l\^e  reVuvu  e^^VW^X  w^'gxJCvs^  ^^N\^>\^tQr,    In 

»  fi;reat  majorUy  oi  c?ls^'^,  NX^^  ^"^^^^'^  V'^xmvcv^Sis\&  TsR.^g&c^^ 
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or  return  conductors  are  of  such  large  section  that  no  other 
conductors  are  needed  on  that  side  of  the  system  whether 
for  economical  or  pressure-regulating  purposes^ — so  far  as 
the  working  of  the  Hne  is  concerned.  But  for  the  pro- 
tection of  other  property,  the  extreme  potential  difference 
allowed  to  exist  between  different  points  on  the  raih  is 
limited  by  the  Board  of  Trade  to  7  volts,  and  the  pro- 
portion of  current  allowed  to  return  through  the  general 
mass  of  the  earth  to  an  earth-plate  at  the  generating  station 
must  not  exceed  5  per  cent*  of  the  average  load  or  2 
amperes  per  mile  of  line*  Hence,  on  a  tramway  or  railway 
using  the  rails  as  return  conductor,  while  the  positive 
conductor  should  be  designed  with  regard  to  ordinary 
considerahons  of  economy  and  efficiency  {including  the 
fact  that  practically  the  whole  of  the  pressure-drop  will 
occur  on  that  side  of  the  system)  ;  the  negative  conductor 
designed  primarily  to  satisfy  mechanical  conditions  in  most 
cases  accidentally  happens  to  afford  much  better  conductivity 
than  the  positive  conductor,  and  yet  its  conductivity  has 
in  many  cases  to  be  supplemented  in  order  to  satisfy  the 
regulations  imposed  by  a  benevolent  Board  of  Trade.  It 
will  be  seen  below  that  the  determination  of  these  auxiliary 
return  conductors  can  be  arrived  at  by  calculations  similar 
to  those  controlling  the  choice  of  the  positive  conductors, 
but  that  some  of  the  factors  have  different  values,  and  that 
their  load  has  to  be  estimated  in  a  different  way. 

One  effect  of  these  special  conditions  is  that  the  use  of 
conductors  designed  for  lowest  total  work  tug  cost  is  prac- 
ticable in  many  electric  traction  systems.  The  well-known 
consideration  that  the  total  working  cost  of  a  conductor 
during  any  given  time  is  the  sum  of  two  items,  one  being  the 
value  of  the  power  wasted  in  it,  and  the  other  a  percentage 
of  its  original  cost  at  some  annual  rate,  indicates  at  once 
that  for  a  higher  load  factor  a  conductor  should  be  worked 
at  a  lower  rate  of  loss^  or  in  other  words  at  a  lowxr  current 
density*  To  determine  the  most  economical  current  density 
in  a  given  case,  values  are  required  for  the  following 
factors: — I.  The  money  cost  of  the  cable  to  be  employed 
expressed  in  terms  of  the  amount  of  copper  in  the  cable, 
say  the  price  in  pounds  of  a  ton  of  copper ^  vw^mV-^w^^^, 
sheathed  ajid  laid  =/. 

2,  The  percentage  of  the  cost  ol  Ihc  c^\Ae  ^"^^vcNv  ^^^^^ 
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he  ;m dually  ;set  aside  to  provide  for  interest^  maintenance, 
and  depreciation  ==  R. 

3,  The  average  number  of  hours  per  day  taken  throughout 
a  year  that  the  cable  %vill  be  under  load  =  it. 

4.  The  load  factor  of  the  cable  during  the  time  it  \rill  be 
under  load.  If  the  load  will  l>e  j^teady,  the  value  of  this  wilJ 
be  unity.  If  the  load  will  vary  in  a  known  wuy^  the  load 
factor  will  be  the  mean  square  value  of  such  variable  load 
referred  to  a  steady  load  of  its  maximum  ^-^due  as  unitVp 
and  can  be  calculated  from  a  prophetic  load  diagram,  and 
in  the  case  of  such  variable  load  the  most  economical 
current  density  given  by  the  calculations  w4ll  correspond 
to  the  square  rout  of  the  mean  square  value  of  the  current. 

In  what  follows,  this  load  factor  will  be  taken  as  unity. 

5p  The  cost  of  a  Board  of  Trade  unit  generated  and 
delivered  to  the  conductor  in  pence  ==  n* 

From  3,  4p  and  5  tlie  cost  per  annum  of  a  \\*att  wasted 
in  tlie  conductor  can  be  calculated,  or  inversely  what 
number  it' of  watts  wasted  in  the  cattle  will  cost^  say,  £1  per 
annum,  and  the  two  quantities  representing  the  total  cost 
per  an  11  urn  reduced  to  a  common  measure. 

In  Perry's  "Calculus  for  Engineers,"  page  55,  the 
question  of  economy  in  electric  conductors  is  used  as  an 
example  in  maxima  and  minima^  and  I  have  found  the 
method  there  indicated  convenient  for  practical  use, 

Pi^ofessor  Perry  there  shows  that  the  waste  in  watts  or 

ohmic  loss,  and  the  constant  loss  or  interest  loss,  can  both 

be  simply  expressed   as  functions  of   the  resistance  of   a 

conductor,  assuming  a  certain  current  and  certain  length, 

/a 
and  that  their  value  may  be  written  :  y  =  C*  r  +  ^  4  6, 

Wliere  C^  r  is  ohmic  losSj  -  is  the  interest  item — expressed 

ill  watts,  and  h  is  a  constant  which  depends  upon  factor!^ 
not  affected  by  the  si^e  of  the  cable  laid. 

In   Appendix   No,    i    Professor    Perry's    expres^iion    ts 
>rked  out  at  length  and  the  result  shown  that  the  most 

Snomical  current    density  ^  s=    ^ -—^^LlJIL^iS    ^^vliere 

•'A         V  100        ' 

C  =  amperes,  a  =  cross-section  of  cable  in  square  inches 

C 
(so  that      =  amperes  pet  ^^v^^^  \vi^  ^v^^  ^\\  ^  tons  of 
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copper  ill  a  mile  length  of  one  square  inch  section,  R  = 
aniiLial  rate  per  cent*  for  interest^  etc,  ;  w  =  the  number  of 
watts  wasted  continuously  during  working  hours,  which 
will  cost  £i  in  a  year's  working,  and  p  =  the  price  in 
pounds  of  a  ton  of  copper  in  the  form  of  cable.  ^045  is 
resistance  in  ohms  of  a  mile  of  copper  of  one  square  inch 
cross-section,  the  weight  m  of  which  is  9*1  tons.  In 
Appendix  No*  2  an  example  is  worked  out  junuerically 
and  tables  are  shown  giving  values  obtained  by  taking 
fignres  within  probable  practical  limits.  The  method  of 
calculation  here  used  is,  of  course,  perfectly  general,  and 
applies  equally  to  low-tension,  high-tension,  continuous 
and  alternating  currents,  however  fed  to  the  conductors. 
The  cost  per  ton  of  copper  in  cabled  form  will,  of  course, 
vary  widely  with  the  way  the  cable  is  to  be  used,  the 
working  pressure,  and  other  conditions ;  for  example,  a 
triple  twisted  cable  for  three-phase  currents  will  be  much 
more  costly  per  ton  of  copper  than  a  concentric  cable  for 
continuous  currents,  working  pressure  nnd  material  being 
equal.  It  has  also  to  be  noted  carefully  that  die  value  of 
the  Board  of  Trade  unit  to  be  used  is  that  of  the  unit 
delivered  to  the  conductor  system  under  consideration,  and 
if  the  energy  has  to  be  transmitted  or  transformed  before 
such  delivery,  the  cost  of  generating  the  unit  has  to  be 
*Moaded"  with  the  cost  of  such  transmission  or  trans- 
formation, including  the  interest,  maintenance,  and  depre- 
ciation cost  of  transmitting  or  transforming  system.  For 
example,  the  most  economical  density  in  a  low- tension 
system  fed  from  transformers  is  louder  than  in  a  low-tension 
system  fed  direct,  assuming  that  the  generating  stations  in 
the  two  cases  supply  energy  at  equal  costs.  It  must  also  be 
recognised  that  power  wasted  (or  used)  in  distribution  costs 
as  much  as  power  used  in  the  motors. 

For  cables  of  a  given  construction  and  for  use  under 
given  conditions,  it  will  generally  be  found  that  the  average 
price  per  ton  of  copper  taken  from  makers'  prices  through 
such  narrow  ranges  of  she  as  are  usually  employed  on  a 
given  system  is  sufficiently  acciirate.  Where  a  very  wide 
range  of  size  is  called  for  it  may  be  worth  while  to  calculate 
separately  for  the  larger  and  the  smaller  c^bW^, 

The  question  of  systems  of  laying  Cdb\e^  ^Vk^  ^^v^  cqi%^ 
thereof  is  not  considered  here,  as  the  cV\q\c^  ol  V\v%  vi[ve>Ca<^6?i. 
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to  be  used  depends  much  upon  various  local  conditions, 
and  the  cost  per  mile  is  very  litlle  affected  by  the  size  of  the 

conductor  laid.  It  may  be  worth  while  to  suggest,  howeverp 
thiit  the  cost  per  ton  of  copper  of  a  cable  armoured  for 
laying  direct  in  the  ground  is  higher  than  that  of  a  similar 
cable  sheatlied  for  drawing  into  pipes  or  conduits^  and  as 
the  allow^ance  for  depreciation  and  maintenance  of  pipes 
and  conduits  is  a  good  deal  lower  than  that  for  cable, 
economy  may  frequently  be  best  studied  by  the  use  of  a 
"  drawing-in  '*  system.  The  facilities  for  renewal  and 
repairs  and  for  replacing  cables  by  others  of  larger  size  if 
required,  are  advajitagcs  not  to  be  lightly  ignored,  and  the 
conditions  on  electric  traction  systems  enable  these  advan- 
tages to  be  utilised  to  a  degree  that  does  not  obtain  in  some 
other  services.  The  C^lc^dution  of  best  sizes  for  track 
feeders  is  exactly  that  above  described,  but  in  most  cases  a 
higher  value  has  to  be  taken  for  the  wasted  energy,  r\f*,  w  in 
the  equations  is  smaller.  This  leads  to  the  use  of  a  lower 
density  in  such  cables  or  to  a  larger  provision  of  copper  for 
the  current  to  be  carried.  The  reason  is  that  in  most  cases 
a  **  negative  booster''  has  to  be  empSoyed  in  connection 
with  such  a  feeder,  and  the  energy  wasted  has  to  be  loaded 
With  the  loss  in  transforming,  and  the  capital  charges  on 
the  apparatus.  The  booster  may  be  considered  a  part  of 
the  feeder,  and  as  its  size  and  the  losses  in  it  are  proportioned 
to  its  output,  they  are  properly  brought  into  the  calculation 
by  charging  a  higher  price  per  unit  delivered  to  the  cable- 
Appendix  No.  3  gives  some  examples  of  such  calculations, 
and  is  also  applicable  to  trolley  feeders  in  which  "  boosters" 
are  employed  to  keep  up  the  voltage  at  the  distant  end. 

Considering  the  figures  given  in  the  tables,  it  will  be  seen 
that  the  limiting  distance  due  to  loss  of  pressure  in  feeders 
designed  on  economical  principles  is  reached  at  from  two  to 
three  miles  from  the  generating  station.  Tlic  density  of  the 
traffic  does  not  affect  this  limit.  The  cost  of  energy  does 
aflfect  itj  and  in  such  a  way  that  the  lower  this  cost,  the 
shorter  is  the  range  of  economical  distribution,  because  the 
economical  density  being  higher,  the  limiting  drop  of  voltage 
is  the  sooner  reached.  But  it  may  be  worth  while  in  any 
particular  c*ise  to  use  hea.v\ev  conductors  and  so  extend  the 
working  radius  ol  a  slalvov\,  bfec,^\i^^  "Ca^  Otvi^L^^^^  ^T^^^ation 
*^  power  at  thai  parlvcuXat  pUcc  mox^  fe^^  ^t2.^\^^^V^\si\ 
r\b\vV\oia  cosVs^ 


,1900]  ELECTRIC  TRACTION.  607 

It  may  happen  also  that  the  use  of  heavier  mains  for  the 
more  distant  parts  of  the  system  may  prove  to  be  cheaper 
than  any  other  means  of  keeping  the  pressure  up  on  those 
parts.  It  is  a  useful  feature  of  the  methods  of  calculation 
herein  described  that  they  indicate  in  a  facile  way  the 
results  of  any  departure  from  the  theoretically  best  con- 
ductor sections,  and  so  provide  at  least  part  of  the  data 
for  determining  the  best  system  to  adopt. 

When  the  distribution  radius  much  exceeds  the  distances 
above  named,  it  will  be  obvious  that  the  single  station 
supplying  direct  to  the  feeder  system  becomes  impracticable, 
and  it  is  under  these  circumstances  that  an  engineer  is  called 
upon  to  investigate  thoroughly  the  alternatives,  and  estimate 
the  total  annual  cost  of  working  the  lines  by  means  of  each 
of  such  alternatives.  Only  certain  systems  in  practical  use 
in  the  United  Kingdom  can  be  mentioned.  They  are — 
1.  The  multiplication  of  generating  stations  retainhig  the  con- 
tinuous-current low-tension  system  of  generation.  2.  The 
use  of  battery  substations  charged  from  a  single  generating 
station.  3.  The  use  of  a  single  generating  station,  generating 
polyphase  currents  at  high  pressure,  and  transforming  sub- 
stations placed  at  suitable  paints  on  the  line,  supply hig  low- 
tension  continuous-current  to  the  line  feeders*  The  direct 
current  for  the  lines  near  the  station  may  or  may  not  be 
generated  by  special  continuous-current  sets  :  ^vhen  it  is, 
separate  consideration  has  to  be  given  to  such  contiguous 
area,  in  calculating  conductors  and  cosls. 

The  second  system  above  mentioned  has  but  few 
examples,  and  reliable  data  are  somewhat  difficult  to 
obtain.  Its  application  would  seem  to  be  limited  to 
cases  where  an  infrequent  service  is  given  on  distant 
lines ;  hence  the  feeders  having  to  carry  but  a  small 
average  current^  their  size  may  be  kept  down,  and  the 
battery  provides  for  the  hirger  current  needed  by  the  cars. 
It  will  be  obvious  tliat  the  arrangements  require  to  be 
carefully  thought  out  in  order  to  ensure  the  battery 
being  properly  charged,  and  ahvays  available  during 
service  hours,  A  very  good  example  is  that  designed  by 
the  late  Dr»  John  Hopkinson  for  the  Leeds  Tramway, 
and  described  in  Professor  Ernest  Wilson's  *-  RVtcVt\Q:aN. 
Traction,"  li  will  be  found  that  some  cowvpVxcaMxQw  \% 
Involved,     Considering  the  present  Vumled  a^^^^^^^^^^^  ^"^^ 
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the  many  questions  of  detail  involved  in  calculating  the 
working  coiit  of  such  arrangement,  the  system  cannot  be 
discussed  now,  and  is  mentioned  as  a  practical  means  of 
meeting  the  demand  which  may  be  sometimes  made  for 
working  a  long  branch,  the  traffic  on  which  only  calls  for  a 
sparse  service,  or  on  which  the  traffic  is  relatively  heavy  for 
only  a  small  portion  of  the  working  hours*  The  discussion 
will  be  narrowed  down  then  to  a  comparison  of  the  first 
and  third  alternative  systems,  involving  a  statement  of  the 
data  which  affect  the  choice  and  the  calculations  by  which 
the  working  cost  of  each  may  be  estimated  with  an  exact- 
ness dependent  upon  the  accuracy  of  the  figures  adopted* 
As  some  of  these  figures  must  themselves  be  estimated,  the 
judgment  and  experience  of  the  engineer  are  here  very 
important  factors. 

It  is  quite  clear  that  there  are  two  broad  questions  to  be 
decided  in  each  case  ;  lirst,  What  will  be  the  total  cost  of 
producing  a  unit  at  the  station  or  stations  ?  and  secondly^ 
What  will  be  the  total  cost  of  getting  a  unit  to  the  car  ?  The 
first  question  involves  the  charges  on  the  capita!  cost  of  the 
station  plant  in  addition  to  the  working  expenses,  and  the 
second  question  involves  the  efficiency  of  the  distributing 
system  as  well  as  the  capital  charges  upon  it,  as  the  cost  of 
delivering  a  unit  includes  the  energy  wasted  in  its  distribu- 
tion, *^  Used  in  distribution  "  seems  a  more  rational  expres- 
sion than  **  Wasted  in  distribution,"  hut  the  latter  phrase  is 
so  widely  adopted  that  confusion  might  result  from  an 
attempt  to  reform* 

It  is  obvious  that  by  the  multiplication  of  directly  feeding 
generating  stations  ad  lib.  the  loss  in  distribution  as  above 
defined  may  be  reduced  to  any  desired  extent*  On  the 
other  hand,  with  a  system  involving  transformation  there 
is  some  minimum  loss  which  cannot  be  reduced,  and  which 
corresponds  to  the  attainable  efficiency  of  the  transforming 
devices.  Clearly^  then,  this  minimum  loss  constitutes  a 
handicap  upon  the  multiphase  high-tension  system  which 
must  be  overbalanced  by  other  advantages  in  order  to 
justify  its  adoption* 

The  reduction  in  the  cost  of  generation  of  energy  due  to 
the  employment  of  larg^e  units  in  one  large  station  as  against 
smaller  units  in  a  number  ol  ^Vatows,  c&xv  ^c^t^^  \:ie-  ^i^ivmated 
m  advance  by  a  couipleU  'slud^  q^  \ocaX  cqu^vNcv^xv^  ^v<i«t!^ 
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by  experience  and  judgment.  Cases  arise,  of  course,  where 
it  is  clear  that  a  station  at  a  particular  place  enjoys  such  a 
great  advantage  as  regards  cost  of  fuel^  abundant  available 
condensing  water,  and  freedom  from  neighbours  who  may 
object  to  noise  and  vibration,  that  direct  and  indirect  costs 
must  be  much  lower  than  in  any  other  available  site.  The 
greater  economy  in  staff  and  in  total  \^lue  of  plant  and 
buildings  to  be  obtained  by  generating  at  one  station 
instead  of  several  can  be  estimated  very  fairly.  A  more 
difficult  item  to  estimate  is  the  relative  value  of  the  land. 

Whilst  every  case  requires  special  study  to  determine 
what  advantage  in  generating  costs  is  attainable  by  the 
adoption  of  the  single  large  station,  a  study  of  the  distribu- 
tion costs  caii  be  made  on  general  principles,  which  will 
indicate  what  that  saving  must  be  in  order  to  give  the  single 
station  a  balance  of  advantage. 

The  limit  of  continuous-current  supply  has  been  assumed 
to  be  the  distance  at  which  the  drop  in  the  trolley  wire  is 
50  volts,  U\  TO  per  cent*  of  the  energy  given  to  the  cars. 
Assuming  a  uniform  distribution  of  the  cars,  this  means  an 
average  drop  of  5  per  cent,  over  the  whole  system*  (Notice 
that  if  the  system  is  one  radiating  from  a  large  town,  so  that 
the  cars  are  more  dense  near  its  centre,  the  average  drop 
will  be  less.  It  can  be  calculated  as  closely  as  the  service 
can  be  predicted,)  The  loss  in  track  feeders  will  be  less  ; 
probably  2J  per  cent*  wnll  cover  it  in  most  cases. 

This  total  loss  of  power  in  distribution^  amounting  to 
jh  per  cent,  of  that  delivered  to  the  cars,  can  be  attained 
with  generating  stations  spaced  from  4  to  6  miles  apart,  iu\ 
delivering  power^  each  for  a  radius  of  from  2  to  3  miles. 
As  the  interest  item  of  distributing  cost  equals  in  value  that 
of  the  Joss  of  power  item,  it  follows  that  distribution  costs  in 
such  a  system  =  15  per  cent,  of  the  value  of  the  power  delivered 
to  the  car,  and  the  total  cost  of  lOO  B.T*U,  at  the  cars= 
that  of  generating  115  BT-U,  The  plant  has  to  be  propor- 
tioned to  produce  107I  per  cent,  of  the  energy  delivered  to 
the  cars,  as  its  normal  full  load. 

In     a     multiphase     transforming    system,    the    overall 
efficiency   cannot   at   present   be   taken  at    more  than  80 
per  cent,      Mr.    Parshall    has  given   figutes  Itotxy  XivA^xxv 
experience   showing  somew^hat    lower    raliis,  bul  %<i   ^^ 
cent  seems  ^ttainablt.     Then  the  generating  ^VaXXows.  ^^ 
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have  to  supply  125  units  per  100  units  delivered  to  the 
cars.  The  interest  and  operating  costs  of  the  distributing 
system  cannot  be  calculated  so  simply  in  this  case  as 
in  the  former,  as  moving  transformijig  devices  calling  for 
human  attention  are  involved  :  but  if  the  prices  of  those 
devices  are  known,  and  a  proper  rate  of  interest  calculated 
to  cover  depreciation^  the  cost  of  attendance  and  sites  can 
be  got  at  pretty  closely,  and  a  price  worked  out  per  unit 
dehvered  to  the  mains  which  can  be  expressed  as  a  per- 
centage rate  of  loss  of  the  energy  delivered.  If  ihh  is  called 
N,  the  following  expression  shows  at  what  proportionate 
cost    the    high-tension    station   must    generate   energy   to 

counterbalance  the  larger  distribution  losses:  -  = ^ 

^  a      125 +N 

where  b  equals  cost  of  production  at  the  single  h.t,  and 

rt=cost  of  production  at  the  multiple  l.t.  stations.     Unless 

h         11^ 

-< ^-^z  the   low-tension   multiple  station   system   will 

ii     125  +  N  *  -^ 

give  the  lower  working  cost.     Fur  this  calculation  to  be  of 

any  practical  value,  it  is  evident  that  the  cost  of  production 

must  be  properly  debited  with  all  charges  in  eacli  case.     To 

make  such  an  estimate  for  prospective  stations  with  a  near 

approach  to  accuracy  is  a  task  much  more  difficult  that> 

that  of  calculating  conductors,  but  an  incorrect  decision  as 

to  the  system  to  be  preferred  in  a  given  case  is  not  probable 

if  experience  and  judgment  are  brought  to  bear  on  a  careful 

investigation  of  the  local  conditions. 

The  value,  N,  above  taken  includes  the  interest  item  on 
both  the  high-  and  lovv-teiision  conductors.  This  value  can 
be  found  as  in  the  other  case,  and  will  as  in  that  case  he- 
equal  to  the  ohmic  loss  in  each  :  but  it  must  be  noted  thai 
the  cost  of  a  watt  is  greater  tJi  the  low-tension  conductors 
owing  to  the  transforming  loss.  The  best  density  in  the 
high-tension  conductors  is  found  exactly  as  in  the  c*ise  ot 
direct  supply,  but  the  cost  per  ton  of  copper  will  be  con- 
siderably higher  in  the  case  of  the  three-core  high-tension 
cable,  and  hence  the  best  density  will  be  higher.  The 
interest  and  operating  costs  of  the  transformers  must  k 
carefully  considered,  proper  allowance  being  made  for  the 
necessary  spare  plant  and  margin  of  power  necessary. 

H  these  costs  come  to  d  pejice  per  unit,  the  condition  u* 
advantage  for  the  V\\^\\-Vevmou  s^sv^m  v-^ 
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b  +  d  115 

a       ^   125  +  p 

where  p  is  the  percentage  value  of  the  lo:si>es  in  the  high- 
tension  conductors.  This  will  usually  be  small,  not  over  5 
per  cent,,  and  taking  this  value  we  get 

b±d^  115  , 
a        130' 

so  that  for  equal  costs  under  the  two  systems 

b  =  'msa-di 

or  in  words,  the  cost  of  generation  at  the  single  high-tension 
station  must  be  less  than  88 J  per  cent-  of  the  cost  at  the 
low-tension  stations  by  the  cost  per  unit  of  interest,  atten- 
tion, and  stores  due  to  the  transformers,  If  b  <  '885  a  —  d^ 
tlie  difference  is  the  saving  per  unit  to  be  made  by  the 
high-tension  system  ;  if  i^  >  ^885  a  —  f/,  the  difference  is  the 
advantage  for  the  low-tension  system* 

Using  correct  data  to  suit  the  case,  a  very  good  judgment 
can  be  arrived  at  as  to  the  most  economical  system  to  be 
adopted,  and  it  is  suggested  with  much  confidence  that  such 
calculation  is  a  safer  guide  than  a  general  statement  Uiat  for 
a  traction  station  of  over  so  many  thousand  horse-power  tliis 
or  that  system  is  the  only  commercial  one.  It  seems  to  be 
overlooked  sometimes  that  the  cost  per  unit  at  the  car,  and 
not  at  the  switchboard,  is  the  commercial  criterion^  and  that 
to  attain  a  lower  figure  al  the  car  the  cost  of  the  unit  at  the 
switchboard  must  be  very  considerably  lower  in  the  case  of 
any  system  using  moving  transformers  than  in  alternative 
arrangenients- 

The  choice  of  a  site  for  a  generating  station  may  greatly 
affect  the  generation  costs,  and  as  these  materially  influence 
the  design  of  the  distributing  system,  the  importance  of 
careful  choice  of  site  or  sites  is  very  great,  and  in  any  con- 
templated electric  traction  system  this  should  be  one  of  the 
earliest  matters  submitted  to  and  decided  by  the  engineer- 
Whenever  possible,  eligible  sites  for  compulsory  purchase 
should  be  scheduled  in  the  order  authorising  the  line.  The 
points  affecting  the  choice  are  foreign  to  the  subject  now 
liiscussed  and  a  certain  cost  per  unit  at  the  smlG\\\io'AX^^\^^ 
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be  herein  assumed,  the  sole  subject  considered  being  tht- 
delivery  of  the  power  to  the  cars  at  minimum  cost  under  the 
conditions  imposed.  The  economical  use  of  the  power  on 
the  cars  is  also  foreign  to  this  discussion,  but  it  cannot  be 
seriously  contended  that  waste  on  the  car  excuses  avoidabie 
waste  in  the  distributing  plant.  The  consideration  of  a 
particular  case  will  best  illustrate  the  application  of  the 
foregoing  principles.  Diagram  A  is  a  scale  plan  of  a  trara- 
\\*ay  system,  all  single  lines  with  turnouts*  The  proposed 
service  results  in  a  distribution  of  cars  as  marked  in  figures 
along  each  section  of  the  line.  The  total  number  of  cars  is 
57,  The  average  current  taken  by  each  car  is  reckoned  at 
15  amperes.  Hence  the  average  power  demanded  at  the 
cars  will  be 

^7  X  iq  X  coo  , 

^^ ^ ^^—  —  427*^  k.w- 

1000  ^  '  ^ 

At  T  is  a  site  available  for  a  power-house.  The  extremes 
as  regards  distance  from  T  are  A  7*1  miles  west^  H  5^2  miles 
east,  atid  L  7  miles  south-west  of  T.  There  is,  however,  a 
shorter  route  from  T  to  J  than  by  the  tramway,  and  lliis 
route  being  available  for  a  feeder  cable  reduces  the  distance 
T  L  to  about  4*35  miles,  and  facilitates  feeduig  at  J,  which  it 
will  be  seen  is  an  important  centre*  In  natural  order  one 
should  first  consider  the  use  of  T  as  sole  generating  station 
for  the  whole  system^  find  the  most  economical  current 
density,  and  see  whetJier  the  drop  permits  of  low-tension 
generation  and  direct  feeding  (Diagram  B). 

For  the  purpose  of  this  example  the  following  figures  are 
used  ;— 

Annual  charges  on  cost  of  cable  for  interest  and  depre- 
ciation, 7  per  cent,  or  R==  7. 

Annual  hours  of  use,  say  15  x  365  =  5475. 

Cost  of  energy  per  B*O.T  unit  at  switchboard  ^1  =  75d. 

Tons  of  copper  per  mile  run  of  i  square  inch  cross- 
section  :^  tn  ^  ()'i. 

Cost  of  insulated  cable  per  ton  of  copper  p  ^  ^i^J* 

Walts  continuously  lost  worth   ^*i   per   annum  =  u'^ 

5*475 

Then  by  formuW  gwewm  kT^^^\\^\T?.^Q.\-K^\!CBxi^— 
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^  _  R.w.p,m.  'Q45  _  7  X  58  45  x  '045  x  g-i 
100  100 

=  251  Off -15-8; 
say— 

-— -  =  352  amperes  i>er  square  inch  is  thus  the  most  econo- 

mical  density  in  this  case.   The  voltage  drop  per  mile  is  158, 

Hence  the  drop  from  T  to  A  would  be  15  8  x  7-1  =  112 

volts,  and  from  T  to  H   15*8  x  5*2  —  82  volts.     These  are 

too  great  for  good  working,  and  taking  50  volts  as  the  limit, 

the  distance  Hmit  is  ^^  ~  3'i6  miles.     Beyond  this  limit 

there  are  15  cars  west  and  3  cars  east  of  T,  so  that  two- 
thirds  of  the  load  come  inside  the  permissible  drop,  and 

should  be  supplied  by  dircctly-fed  cables.  The  remainder 
should  be  fed  by  '*  boosted  "  cables.  No  allowance  is  made 
for  the  conductivity  of  the  trolley  wires  excepting  where 
they  suffice  without  cables  in  parallel,  and  there  two  No*o 
wires  of  *  162  square  inches  combined  section  are  reckoned  on. 
It  is  found  in  practice  that  in  a  tramway  system  calling  for 
several  feeders  it  is  better  to  work  the  trolley  wire  in  separate 
sections,  each  being  fed  by  a  distinct  feeder.  This  resutls 
in  the  rapid  localisation  of  short  circuits  of  all  kinds  and 
minimises  disturbance  to  traffic.  It  also  facilitates  the 
proper  loading  of  the  individual  feeders  and  gives  \-aluahle 
information  to  the  power-house  staff  as  to  the  distribution 
of  the  load. 

The  losses  in  the  feeders  to  the  directly»fed  portions  of 
the  sample  system  will  be  approximately  as  follows  :^ 

The  cable  T  J  has  to  carry  98  amperes  2-135  iniles;  the 
average  length  on  the  branches  beyond  J  over  which  the 
power  will  be  distributed  is,  say,  1  mile  total  from  T  yi2^ 
miles.  The  branches  ]  D  and  J  I  will  only  be  fed  vid  J  to 
paints  equidistant  from  T  by  the  other  routeSj  and  on  all 
these  branches  the  trolley  wires  suflice  without  cable.  The 
remainder  of  the  current  from  T  within  the  area  is  supplied 
by  cables  accompanying  the  line,  and  for  the  purposes  of 
this  approximate  calculation  it  may  be  taken  that  the  load 
is  symmetrical  along  them,  so  that  the  average  load  m.\v 
be  taken  as  half  the  total  and  the  loss  as  that  due  to  half 
the  current  carrWd  V\ve  e^-sintm^  ^xsV^tv^t;.  \S^ViX\<^usly  the 
Joss  may  be  calcuUlcd  tomc\v  moi^  vmTOsK^^^^\v^^\^ 
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any  given  distribution  of  cars,  gradients,  etc.)  The  current 
*^i"g  532  amperes,  half  of  it  is  266  amperes.  Then  we  get 
total  loss  in  watts — 

For  current  supplied  to  J  98  x  3"i25  x   15*8=    4,820 
And  the  balance  266  x  3-16     x   15-8  =  13,300 


1 8- 1 2  k.w. 

As  58*45  watts  cost    £1   in  a  year's   working,  the   money 

cost  of  this  loss  will  be  — rr —  =  ;^3io  in  round  figures, 

and  as  the  interest  cost  of  the  cables  should  equal  the  total 
cost  of  distribution  (strictly  speaking  that  portion  of  the 
cost  affected  by  system  adopted)  to  the  trolley  w^re,  the 
total  cost  under  these  heads  for  the  lines  considered  would 
amount  to  ;£620  per  annum.  But  the  use  of  the  trolley 
wire  where  practicable  will  reduce  the  cable  cost  and 
interest  item  below  this  theoretical  amount,  and  a  table 
follows  giving  the  actual  feeder  cost. 

Inspecting  the  plan,  it  is  clear  that  the  junction  I  i> 
about  the  centre  of  gravity  of  the  load  beyond  the  3*16 
miles  on  the  western  sections.  This  is  5  miles  from  T, 
and  the  load  to  be  delivered  is  that  for  15  cars  =  225 
amperes.  The  energy  lost  in  these  boosted  feeders  is  more 
costly,  having  been  transformed  by  the  boosters,  whose 
efficiency  is  rarely  over  75  per  cent.  The  value  of  the 
boosted  unit  must  therefore  be  taken  at  75  x  1*33  =  id.,  the 

2^1    X   lit 

value  of  IV  becomes  44  instead  of  58*45,  and  /«  =~-^'— - — ^ 

=  189  nearly,  or  /  =  1375  and  -^'-^  =  306  amperes  per 

square  inch  as  best  density.     Drop  per  mile  is  1375  volts. 

The  boosters  would  only  be  necessary  to  make  up  the 
drop  in  the  lengths  beyond  the  50-volt  drop  limit,  so  that 
this  lower  density  should,  strictly  speaking,  apply  only  to 
the  excess  of  cable  length  beyond  3*16  miles.  It  will  be 
better,  obviously,  to  use  a  conductor  of  uniform  section  to 
give  the  same  drop.  In  the  case  of  the  western  section 
then  the  drop  will  be  50  4  (1375  x  1-84)  =  75-3  or  15-06 
volts  per  mile,  showing  that  the  refinement  makes  little 
*'?erence  in  this  case.    On  the  eastern  section  the  drop 
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will  be  50  +  (1375  X  i-i6)  =  65-95,  say  66  volts,  or  i5'-3 
per  mile. 

The  losses  will  thus  be  : — 

Western   75*3  x  225  =  16,942  watts. 
Eastern    66      x     45  =     2,970      „ 

19,912 

Of  this  20  k.w.,  270  X  50  =  13,500  unboosted  cost 
£1  per  58-45,  and  6,500  cost  £1  per  44,  so  that  the  total 
annual  cost  of  the  loss  in  these  feeders  will  be  : — 


58^5 
frsoo 

44 


£231  nearly 

148 
;^379 


The  interest  on  the  mains  will  be  somewhat  less,  owing 
to  the  use  of  trolley  wire  on  the  more  lightly  loaded 
branches.  To  this  has  to  be  added  an  annual  charge 
representing  interest,  mainteanance  and  running  cost  of 
"  boosters"  to  give  an  output  of  6*5  k.w.  With  spare  plant 
10  k.w.  might  be  provided,  and  would  probably  cost  ^^20 
per  k.w.,  say  ;^2oo.  Fifteen  per  cent,  per  annum  is  a 
proper  charge  for  interest  and  running  expenses  on  such 
plant,  so  that  this  item  would  be  ^^30  per  annum. 

The  following  is  a  schedule  of  feeders  on  the  trolley  side, 
wherever  needed  to  supplement  the  trolley  wires  : — 


DIRECT 

FEEDERS. 

Line. 

Lenj^th,  Miles. 

Amperes. 

1     Section  Cu. 
!          sq.  in. 

1    Tons,  Cu. 

Value. 

TJ 

2-125 

98 

-277 

5-37 

£817 

TE 

•35 

247 

!       700 

2.23 

337 

ED 

200 

165  mean 

;       -470 

'       8-55 

1,290 

T  F 

•9 

187     „ 

•531 

4*35 

655 

KG 

1*25 

120    „ 

•342 

3-56 
'     2406 

538 

61625 

;£-3.ft37 

VOU 

XXIX. 

48 

AVhr-r     :j>Zr:hri:sG  systlv^  of    ^Mi? 


1  ^ 

/     r 


'/'/ 


**-. .-  ■  -1  C-:_ 

7  --.-  \ — 

Vi!-^ 

r 

lyo 

i.-3  775 

r 

'•7v 

**5 

23 

5 

•J24 

'22 

33 

^: 

•134 

4Y.3 

^«/> 

3OXX) 

i.'4-5.'o 

Total. 

,{8.167. 

TIm-  (  n-t  r)f  flistribution  on  the  trolley  side  is  thus  : — 

Los-»  ill  flii((  t  fccrlcr^,  I  Si  2  k.w.,  worth  annually  ... 
JiitcMst  on  (;il)les  in  ditto,  7  per  cent.  £^fi^7 

Loss  111  boosted  feeders         -; -^         *  *-^  ^,, 

Intel  est  on  eiible-.  in  ditto,  7  per  cent.,  ;^'4o30 
Aimn;il  charges  on  boosters     ... 


.379 
30 


This  works  ont  per  nnit  delivered  to  the  cars  : — 


;(:i,29i 


4-7*5  ^  5475 


309*840 
2,340,000 


=  -i33d. ; 


in.il<Mi,i;  tol.il  eust  •SS3d.,  disregarding  losses  in  the  return 
conduetois.  Hnt  the  legul.ition  as  to  P.D.  in  rails  forbids 
sueh  disregard,  and  their  effect  nuist  now  be  considered. 

Assinne  that  the  track  is  single  and  laid  with  90-lb.  rails, 
01  iHo  lbs.  rail  per  yard  of  track.  Assuming  the  resistance 
ol  the  rail  to  be  11  times  that  of  copper  of  equal  section, 
and  that  joints  add  5  per  cent,  to  that  resistance,  a  mile  of 
boiuU'd  track  will  have  a  resistance  of  "0289  ohm.  The 
interesting  paper  re.id  by  Mr.  I\irshall  before  the  Institution 
on  .\pril  28th,  i8(;S,  will  be  familiar  to  all  concerned  in  thi> 
ijuestion,  as  it  shows  by  examples  how  the  chemical  com- 
position of  rails,  kind  K'^i  bonding,  and  number  of  joints  per 
'ilc  h;ivc  lo  be  lakcw  \uVo  Acvioviwt,    Naturally  the  mechanical 


1900. 


ELECTRIC  TRACTION, 


700 


ase  of  the  rails  takes  precedence  of  their  electrical  functions, 

and  hence  the  electrical  engineer  has  to  be  thankful  for 
what  he  can  get.  The  resistance  of  the  return  as  laid  is 
usually  lower  than  that  of  the  rails  alone,  some  conduction 
being  afforded  by  the  earth.  The  amount  of  this  varies 
very  much.  Mr.  Parshall  has  found  an  instance  in  which 
only  tvvo4hirds  of  the  current  returned  by  the  rails*  Weather 
affects  it.  In  one  case  within  the  writer's  knowledge  wet 
weather  reduces  the  voltage  drop,  and  also  the  stray  current, 
evidently  increasing  the  conductivity  of  the  non-metaUic 
parts  of  the  track. 

But  as  this  earth  shunting  of  the  rails  cannot  be  foretold, 
the  safe  course  is  to  take  the  resistance  of  the  uninsulated 
return  as  that  of  the  rails  alone.  To  allow  for  possible 
increase  of  service,  abnormally  busy  days,  and  hunching  of 
cars,  the  limit  calculated  on  should  be,  say,  5  volts,  not  the 
whole  7  volts  allowed  in  the  Board  of  Trade  regulations. 
The  integrated  product  of  amperes  into  mites  to  give  this 

drop  will  thus  be     ^^  — 173  ampere  miles.     Mn  Trotter's 

paper  of  April,  1898,  gives  a  neat  and  simple  graphic  method 
of  showing  the  drop  under  gi\^en  conditions.  It  can  be 
easily  applied  along  any  section  of  line  with  a  uniform 
service.  For  such  a  case  as  that  under  consideration,  with 
varying  services  along  different  sections  and  junctions,  an 
arithmetical  process  seems  a  little  simpler.  The  arithmetical 
process  is  as  follows  : — Starting  from  the  station,  sum  the 
product  of  amperes  into  miles  until  this  product  equals  the 
constant  corresponding  to  the  limiting  drop — ^f.£.,  173  for 
the  case  here  assumed.  11  is  at  once  clear  that  all  current 
from  cars  beyond  this  point  has  to  return  by  track  feeders* 

From  this  point  start  the  integration  afresh,  and  go  on 
until  the  constant  is  again  reached.  At  this  second  point 
the  rails  should  be  at  earth  potential*  Recommence  the 
summation  from  this  second  point  and  go  on  again  to  the 
constant*  Then  all  the  current  due  to  cars  between  the  first 
and  third  points  should  return  to  the  station  by  a  track  feeder 
connected  at  the  second  point,  and  so  on  in  succession,  the 
even  points  marking  feeder  connections  kept  at  earth 
potential,  the  odd  points  marking  points  of  maximum  P.D, 
above  earth  in  the  rail.  This  calculation  applies  equally  to 
feeding  points  in  transforming  systems,  so  far  as  sticK  ^q\\\V% 


itfit  tfV  dlitercfice  bi 

$yi€  €iMr€ti  rcimlto  tor  i 

,iwnimd,    JhKlk    aflMMipCMM*   ghi   ooif   apfroiinBie    loj 
MFtv  jiffr  worlmg  cofMStfOOi^  and  it  0  mif  pradml  to  alfev 
21  ^  ^bk  aiargm  on  llic  opper  Mfe  in  JwiiiHUtg  tlie 

Uai  ^^tpmfh  and  otfMr  otmons  ponbilitks^    A^in,  I 

ttie  i      1/  v  ^  found  may  nciC  be  the  best  practicalhr. 

If  I  1   ^^    :    :f'!r^  for  example^  to  feed  the  track  at  a^ 

junt  li f,n,  ujuutcung  the  feeder  to  all  the  diverging  roads^ 
fhan  at  a  near  point  indicated  by  catctilation,  which  would 
fi'  rent   density  in  the  rails  of  one  road. 

ftii: .         ..,,ity    may   damage    rails  and   possibly^ 

catJ!^  local  damage  to  adjacent  pipes. 

'n*e  Ih**I  di'ii^ily  <jf  current  for  track  feeders*  its  determined 
cnncily  a«»  for  trofley  feeder^*,  gi\ing  the  wasted  watts  their 
)tf  ufTtf  rate  ;u*  "  boo*»ted  wait*."  UnI>ooiit€d  track  feeders  arc 
of  M'l  toinincrciMl  value,  as  Mr*  Par*>hall  distinctly  showed  in 
llu*  paper  hcrfoic  rekircd  to.  In  our  example,  the  density  for 
honntcfd  rtjedcnt  has  already  been  shown  to  be  306  anipereii 
pri  Ht|UiUr  HiL'li,  fjiviiijLj  a  drop  uf  1375  volts  per  iinJe  run. 
Knurl  llir^r  (iyuren  the  ft^eder  j^ections  and  io^si^es,  and  siites 
o(  Inioitej  H,  can  be  readily  applied  to  suit  the  feeding  points 
found  In  tin*  rn;iuiKT  ;dHivc  explaiiu'd.  The  detailed  cxilcu* 
laliiMi  [ni  tr.ick  feeders  is  givcti  io  Appendix  No»  4,  and  all 
trtick  feeders  needed  ou  this  system  are  shown  in  diagram  B,  1 
The  Ii*i|  I  if  lliein  i»  as  follnws  ;-^ 
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So. 

Route. 

L«itgt]i. 

rent 

1  ^.ku 

Ton» 
Cu. 

Valu*. 

l>mp. 

Uymtn 
Watt*. 

I 

2 

3 

T  E'wards 
TWwartls 
TtoJ 

2-97 
4"oo 

I20 

273 
127-5 

■39 
■89 
'415 

IO-5 

81 

£'.585 
4.877 
1.223 

4.^  ' 

60*24 

32'4 

5,000 
17,000 
4*200 

9*12 

509 

i7.68S 

26,200 

Boosters  to  a  total  capacity  of,  say,  36  k.w.  would  be 
needed,  costing,  say  ^15  per  k*w.  or  ^^540,  Annual 
charges  at  15  per  cent,  on  these  amount  to  /^8i,  As  before, 
the  interest  on  the  mains  is  rather  less  than  the  cost  of 
power,  the  assistance  of  the  rails  coming  in  to  reduce  it. 
We  then  get  on  the  track  side  : — 

Loss  in  feeders,  26"2  k.w*,  worth  annually        ...     £^600     - 
Interest  on  cables,  7  per  cent,  on  ^£7^685  „.        538 

Charges  on  boosters  ...         „.         ,,.         .*.  81 


Total ...  ;fip2i9 

Adding  this  to  the  cost  on  trolley  side,  £^1,291,  we  get  a 
total  of  j^2,5io. 

This  equals  *266d,  per  unit  delivered  to  the  cars,  making 
its  cost  there  i*oi6d, ;  and  tlie  total  annual  generating  and 
distribution  cost^,  as  far  as  here  considered,  ^^9,936. 

There  will  be  25*645  miles  of  cable  laid  in  12^025  mile**  of 
trenching,  weighing  104*15  tons,  to  the  value  of  £^15*853,  in 
addition  to  the  co*^t  of  laying  them.   Boosters  will  cost  ^'740, 

The  electrical  efficiency  of  the  whole  system  will  be  about 

'±-L5  r-  86  per  cent,  or  a  trifle  higher.    These  figures  show 
499 
very  strongly  that   a  single    low-tension    station    for  this 

system  is  very  expensive  in  first  cost  of  distribution  plant, 
cables  alone  costing  £32  per  k.w,  capacity.  The  regula* 
tion  as  to  potential  drop  in  rails  puts  direct  supply  out  of 
court  as  soon  as  the  distances  and  traffic  exceed  certain 
moderate  figures.  It  seems,  however,  that  a  modification  in 
track  construction,  using  contiinious  girder  supports  under 
the  rails  and  dispensing  with  concrete  and  settK  b*tl^^ii.w 
them,  should  be  a  logical  consequence  oi  e\ec\t\cA  Vtu-c^CvoTL, 
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and  that  the  conductivity  of  the  track  might  thus  be  largely 
increased  and  bonding  made  much  more  permanent  with- 
out much  increase  in  construction  costs.  The  difficulty 
now  experienced  at  the  joints  of  tram  rails  should  disappear, 
and  the  life  of  the  road  be  greatly  increased.  For  electric 
traction  purposes  the  granite  between  the  rails  is  entirely 
unnecessary.  Municipal  tramway  engineers  might  give  this 
a  trial ;  companies  cannot  do  so  in  the  present  state  of  the 
law. 

Multiple  Stations. 

The  first  alternative  to  this  costly  single-station  system  is 
the  provision  of  a  second  generating  station  (Diagram  C), 
still  using  low-tension  plant  and  distribution,  and  retaining 
T  as  one  station,  as  the  plan  indicates  that  T  is  fairly  well 
placed  for  the  eastern  part  of  the  system.  The  junction  I 
appears  to  be  a  good  position,  consequently  the  second 
station  is  assumed  to  be  at  that  point.  The  arrangements 
east  of  T  will  remain  unaltered.  On  the  west,  the  two 
stations  ought  to  supply  power  up  to  equidistant  points 
measured  along  the  tracks.  The  cross-country  conductor 
T  J  will  not  be  needed,  and  though  useful  for  enabling  one 
station  to  assist  the  other  in  case  of  breakdown  (a  valuable 
advantage  of  multiplicity  of  stations),  it  will  not  be  further 
considered  here. 

The  equidistant  point  on  the  route  T  D  C  I  is  "i  mile 
west  of  D,  and  on  the  route  T  D  J  I  it  is  i'68  miles  south  of 
D.  The  western  station  1  will  then  supply  all  the  cars 
between  C  and  D  and  two  out  of  the  five  between  t)  and  J  ; 
its  load  will  then  be  24  cars  or  360  amperes,  leaving  T  to 
provide  for  33  cars  or  495  amperes.  The  cost  of  generating 
and  the  most  economical  current  density  are  taken  at  the 
same  rates  as  for  the  single  station. 

T  has  to  supply  westward  the  current  for  14  cars,  or  210 
amperes  as  follows  : — 

60  amperes  for  branch  E  M,  average  distance  1*35  miles. 
105         n  »         T  D,         „  „       1-17      „ 

45        n  .    n         DJ,  ;,  »      3*2o      „ 

The  two  cars  on  branch  F  D  are  taken  as  before,  as 
supplied  vit)  F. 

At  the  voltage  drop  of  15*8  per  mile  the  total  watts  lost 
'ome  to  5,500.    Easl  ol  T  Wwi^  -^xii  as  before,  8,250  un-    1 
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h'-i^^sfed.  720  hr>.>.ted.     I  has   to    supply  360    amperes   as 

36  ;imp»ere%  to  branch  D  ],  average  distance  3-3  miles. 
45         -  "         ^    h 

^5       ••  ••       J  *-*»      •» 

^/o         ,.  „        C  D, 

y^       ,.  „      ICB, 

4?         ».  ..       I  BC,       ,» 

45         »♦  »»        -"^  t>f        »f 

Tfie  total  watt-^  lo^t  come  to  10,602.  X( 
mHfh:  in  thi^  for  hfiO^ting,  as  only  a  httle  current  is  carried 
beyond  the  50-voIt.  drop  limit,  and  under  the  circumstances 
that  rlrop  i-.  unlikely  to  be  exceeded  in  actual  work. 

The  copper  sections,  weights,  and  values  ne^ed  will  be 
as  ff)llows  :  - 

DIRECT    FEEDERS. 


1-4 

»• 

39 

rf 

..      y^ 

•» 

1-6 

r* 

•8 

9* 

1-35 

•  t 

7 

f» 

ft        —  * 

r» 

kO   provision    is 


I/lH'- 

r.'  r.^^rh.  M.I'- 

\ni{vrc^  M»an. 

Section.  Ciu 
x\.  in. 

Tons,  Cu. 

Value. 

r  !• 

') 

'•V5 

•531 

435 

;£655 

V  (\ 

1-2^ 

120 

•342 

356 

538 

T  K 

MS 

203 

579 

184 

278 

K  I) 

2'(K) 

98 

•277 

502 

758 

I  H 

11 

75 

•213 

213 

323 

I  c: 

■9 

142 

•404 

330 

498 

U 

2-S 

98 

•277 

701 

1.058 

f  I) 

165 

45        1 

•129 

193 

292  ; 

1 

2914 

£4.400  1 

TO 


3'« 


HOOSTKD. 

I 
45         I  '134 


4*^3 


M75  3377 

TotTv\  ^-^^TJ  Vous,  \'A\\^  tSfi^^- 


j£699 


£5.099 
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The  cost  of  distribution  on  the  trolley  side  is  thus  :-- 

Loss  in  direct  feeders,  24*^7  k*\v.,  worth  annually     ^^41 1 

16 

6 

308 

49 

£l9^ 


Loss  in  boosted  feeders,  72  k.w.,  worth  annually 

Annual  charge  on  boosters  

Interest  on  direct  feeders,  7  per  cent  ;f 4,400 
Interest  on  boosted  feeders,  7  per  cent.  £699 

Total     


This    works    out    per     unit     delivered    to     the    cars 

-,  f"         ^  =  0-8 u!,,    or  total  '83id.,  disregarding   losses   in 

returns. 

The  track  feeder  east  of  T  remains  as  before,  and  that 
west  of  T  must  tap  the  rails  at  D  and  carry  120  amperes,  have 
a  section  of  '391  sq,  in.  with  a  drop  of  35-5  volts,  needing  a 
booster  of  4,260  watts.  From  I  one  feeder  to  J  carrying  43 
amperes  section  'I4Q  sq.  in,,  drop  42*2  volts,  will  require  a 
booster  for  2,600  watts.  No  other  will  be  needed,  though  a 
small  addition  to  the  service  and  load  on  the  Hne  between 
A  and  D  would  call  for  a  feeder  to  B  or  C,  The  track 
feeders  are  then  as  follows  ; — 


Line 

yiics. 

Amperes. 

Scctinn, 

TtttmCn. 

Value. 

Drnp 

LriCS  Witts 

T  E*wards 

T  Wwards 

1S.E  ../ 

2-35 

18 

120 

120 

43 

39 
'39 
■J4 

10-5 
8-33 
3-S5 

£1.585 

1,358 

S36 

41-6 

35*5 

42-2 

S.OOD 
4,260 

1,815 

8*12 

aa-33 

£3.379 

II1O75 

Boosters  to  a  capacity  of,  say,  18  k,w.  will  be  needed, 
costing  ^270.  The  cost  of  distribution  on  track  side  will 
thus  be  : — 

Loss  in  feeders,  11*075  l^*^^''t  worth  annnally  £252 
Interest  on  cables^  7  per  cent,  on  £3,379...  236 
Charges  on  boosters,  15  per  cent,  on  ;^270  41 


7K  N.  at  UY 

Tmlfey  cide 
Tndk 


equal  to  'f  JS^  per  mit^  or  a  UHal  ol  <i^  Tbe  capitil 
cm  of  the  caMes  will  be  j^'%47Sw  thw  ki^  3X«7  «^ 
bid  in  I J85  Qtiks  ol  tncndwiifr  and  Ihm  cost  of  fxxKlers 
£jto. 

The  coit  of  the  cables  amoonls  to  £i9  pet  k-w.  full  load 
oiJtptit^  and  the  eActeocjr  abottt 

•*^5^  91-5  per  cent. 

TIk-  annual  coHt»  at  gcnc-r^itjon  and  diaftntnitKin  a^  abovt 
ijualilicd  will  he  £i^rJSi,  or  £iftH^  less  tbaa  wtlh  the  ^gle 
%t.tlton;  and  thii4  Mint  h  the  margin  out  of  which  the  extm 
Witrkinii  and  capital  charges  due  to  the  use  of  a  secoiid 
niatton  have  to  t>e  met.  Unle^  such  octia  charges  e!Xoeed 
the  saving  in  distribution,  the  two-statioo  systeni  will  be  tht; 
more  ccniiomicaL  A  ?»outid  knowledge  of  the  local  con- 
tlilioriK  should  enablt!  a  fair  estimate  to  t»e  niade^  but  it  is 
not  nu^ceptiblc  of  calculation  on  general  principles.  The 
incidental  adViinta^ifs  of  the  multiple-station  system  should 
he  carefully  considered  in  each  case,  and  if  the  c;dciilable 
opcratin^^  cost*  are  about  equal^  those  advantages  should 
lurn  the  «cale  in  its  favour. 

Multiphase  Distribution. 

AHHume    one   station^    at    T    (Diagram    D),   generating 

plant  to  ^ive  3-phase  currunt  at  2,500  volts.  Using  3-wire 
II I  at  IIS,  thi*  current  per  conductor  wil!  be 

Iv-W.  ^'^^  X  v^  3  =  (K.W,'a3)  amperes. 

2^^00 

The  cables  will   be   of   the   3-core  twisted   or   equi\'aleiii 

type,  and   cut  this  account  as  well  as  the  larger  amoiml 

of    insuLuin^    uv.\\evm\    needed,   &^\t    ^k3r1    ^er    ton   oi 

copper  will  be  higher.    T\\e  ieTEvtecvaSlxQ*^^^  ^j^^s^X^ei^^ 
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higher  ole.  Fint,  becaigic  Ibc  tci^  fvicr  vfll  be  a  loivcr 
proportion  of  total  laloe ;  and  seaoiift  b«u9e  hi^  >  niion 
cahkai  certaifiijr  luffcr  more  from  iiiilt»  tfaaa  those  tmdcr  loir 
tenMon*  Therefore  R  t$  takefi  at  9  per  ceOfLp  aft  J^aoA; die 
other  valoet  remainiDif  as  before — 


100 


2f  *2 

the  ifcmity     ^  ^  47^  «  P*^  square  inch,  and  fiie  drop  per 

mile  2f '2  voiU.  The  lo!&s  m  any  j-wire  3-piiaae  conductor 
«rill  be  3  C  x  in  pa-  mile,  where  C  is  the  airreni  as  given 
above  tor  the  load  transmitted,  so  that  the  loss  per  tw, 
ilelivert'd  to  the  cables  will  be  "69  x  21-2  =  14*62  watts  p«T 
mile,  or  1^46  per  cent,  per  railed  Transformers  will  be 
rtfcitiircd  at  G,  T,  D,  J,  and  B,  the  output  needed  being  as 
io\Umii  I — 


G 

J  2  cars 

90  lew. 

T 

12-5 

9375 

D 
J         • 

12-5 
H'O 

■•        9375 
60- 

B 

1 2*o 

90- 

Total       57'o  cars 


4275  k.w. 


These  loadu  arc  allocated  on  the  simple  consideration  that 
each  transformer  should  supply  half-way  to  its  neighbour 
in  each  direction,  and  represent  the  energy  delivered  to  the 
cars.  Loss  on  the  low-tension  side  I^as  to  be  added  to  gui 
the  yrtJSH  output,  which  may  be  taken  at  450  k,w.  Hence 
at  four  of  the  livcsuh-stations  loo-k.w.  sets,  and  at  the  other 
a  65  Of  70-kAv.  set  would  suit.  But  allowance  must  be  made 
for  Mpart*i  and  for  unusual  demands  due  to  local  pressure 
or  hiuichin^  of  traiTftc.  Whether  it  would  be  better  to  put 
down  two  ioo-k,w,  or  three  50-k.w.  sets  at  the  larger  station^ 
sluuiUI  ill  every  case  be  determined  on  comparison  of  tite 
cost  of  the  different  sized  sets  with  their  switch-gear,  the 
prnbabi lilies  nf  exceptional  traftic^  and  other  fairly  obviou> 
considerations.  U  i\\\^V\V  wvlU  l\a\\\ien  that  the  two  larger 
*iet.H  would  cost  VvU\c  more  \c\  vusVA  ^v\v\  SK\^  >^\ite:  smalf 
iltl  Ihai  the  e&lVA  ft^li\V;\XA^  \\;ox\\4\>^  ^€\  ^^t^  %: 
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cost.  Assuming,  however,  that  the  three-set  plan  is  adopted, 
it  will  be  necessary  to  instal  transformers  to  a  total  capacity 
of  705  k.w* 

The  high-tension  feeders  to  these  sub-stations  will  be  as 
follows,  assuming  a  full-load  efficiency  of  transformation  of 
85  per  cent.,  or  rather  a  constant  los*>  during  operation  at 
the  rate  of  15  per  cent,  of  the  rated  capacity,  and  2,50c  volts 
pressure  :— 


Line. 

MUoi, 

Amperes. 

Sections*        , 
Bq.  in. 

Tuns  Cu, 

Value. 

LoflRin 
Watts, 

TG 
TD 

TJ 
TB 

2-15 

3  X  24-2 
3X  25 
3  X  161 
3  X  24"5 

3  X  ^051 
3  X  '053 
3  X  -034 
3  X  051 

2-98 

7-30 

£620 
6W0 
406 

1,518 

Z*Z^ 

3.736 

a,aoi 

15*50 

£3i2H 

17.324 

The  loss  in  the  transformers  on  the  above  assumption  will 
he  15  per  cent*  x  470  —  70*5  k.w»  With  this  disposition  of 
sub-stations  no  track  feeders  are  needed,  and  secondary 
trolley  feeders  can  also  be  dispensed  with,  as  the  trolley 
wires  of  usual  size  will  not  drop  more  than  10  volts  average 
all  over  the  system,  the  worst  point  l>cing  H,  where  the 
drop  will  be  32  volts.  The  trolley  wires  leading  east  of  G, 
from  T  to  E,  and  B  to  C,  will  be  somewhat  heavily  loaded, 
and  for  reliability  of  service  it  might  be  well  to  use  some 
auxiliary  feeders,  or  heavier  trolley  wires  on  these  sections^ 
but  this  will  not  be  necessary  for  distribution  efficiency. 

The  distribution  losses  will  then  be  :— 

In  H.T.  cables        ..-     173    k.w. 

In  transformers      ..,         ...         ...     70^5      „ 

In  trolley  wire        ..,         ...         ...       8"55    „ 

96-35  k.w. 

and  the  generating  platit  must  be  able  to  give  out  524  k.w. 

Overall  efficiency  of  the  system  being  thus  ^-J-^-  =-  %\  ^^sx 

cent,  nearly. 
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This  is  a  little  higher  than  Mr.  Parshall's  figures  for 
Dublin.  No  addition  has  been  made  to  the  cable  losses  for 
jxjwer  factor  bein^  less  than  unity,  and  it  appears  probable 
on  the  rather  scanty  information  obtainable  in  this  countr\' 
that  full  justice  is  done  to  current  practice  in  the  above 
result.  To  obtain  the  annual  cost  of  this  distribution,  proper 
charges  on  the  transformers,  including  attendance,  have  to 
be  estimated.  This  again  is  not  easy,  for  the  prices  of  such 
plant  are  not  readily  obtainable,  but  for  the  present  purpose 
market  prices  are  not  essential.  There  is  good  authority 
for  the  statement  that  for  smaller  sizes  than  200  k.w.  motor 
generators  perform  better  than  static  transformers  and 
rotary  transformers,  therefore  motor  generators  are  assumed 
in  the  following  figures  : — 

Motor  generators  to  capacity  of  705  k.w.  at  ^^15 

per  k.w.  with  switch-gear  iOo75 

Four  sub-stations  and  sites  at  ;^8o  each     ...  ...  320 


;^io,895 


Interest,  depreciation  and  repairs,  12^  per  cent,  on 

i:'iOo75  '^ii<^  2j  per  cent,  on  ;^32o      ...         ...        1,329 

Attention  to  each   set,  say  3s.  per  week  or  £y  i6s. 

per  annum,  15  sets  ...  ...  ...  ...  117 

Oil,  brushes,  and  sundries,  say  £2  los.  per  annum, 

per  set        37 


Total  per  annum     ...         ...     ;^i,483 

The  distribution  costs  then  work  out  as  follows  : — 

£ 

M.T.  conductors,  C^R  loss  value  %^-?i 295 

5^*45 
Interest  on  cables  (cost  ^^'3,224)        ...  ...  ...  290 

Loss  in  transformers  ■    '  ...         ...  ...  ...         i.20^ 

3«-45  ^  '    * 

Loss  in  trolley  wire,  8,550  at  48*5  per  ;^'i   ...  ...  176 

Interest  and  attention  and  stores  on  transformers        1,483 

£3M9 

This  sum  amounts  to  •352d.  per  unit  delivered  to  the  cars, 
making  the  cost  of  the  power  there   iio2d.  per  unit,  or 
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^^10,875  annually.  This  is  'ai/d,  per  unit,  or  ^'2,124  per 
annum  in  excess  of  the  two-station  direct  supply,  and  £9^9 
in  excess  of  the  one*station  direct  supply,  as  will  be  shown 
by  the  tabulated  results  below. 

Obviously  a  high-tension  station  cannot  generate  at  a 
lower  cost  per  unit  than  a  low-tension  station  on  the  same 
site,  but  the  result  of  this  investigation  goes  to  show  that  if 
in  the  neighbourhood  a  site  exists  with  such  advantages  that 
the  cost  per  unit  of  the  power  generated  there  and  delivered 
to  T,  or  equal  point,  will  be  under  '53d*,  instead  of  75d., 
there  will  be  an  advantage  in  using  the  transformer  system. 
In  other  words,  this  calculation  shows  what  saving  in  gene- 
ration costs  is  required  to  justify  the  use  of  a  transformer 
system  and  a  high-tension  station. 

The  capital  expenditure  is  not  much  reduced,  as  the  total 
for  cables  and  transformers  amounts  to  ;(2'i4,ii9,  which  lies 
between  the  costs  of  cables  and  boosters  in  the  two  low- 
tension  systems  discussed.  There  would  be  also  a  consider- 
abLe  saving  in  cable-laying  expenses,  due  to  the  lighter 
cables  and  smaller  number  of  ways  needed*  This  point  and 
the  difference  between  the  capital  outlay  in  the  stations  are 
foreign  to  the  present  subject,  but  must  of  course  be  keenly 
studied  in  practical  designing.  It  should,  however,  bt*  noted 
that  the  load  factor  is  of  great  importance,  and  that  the 
assumed  conditions  are  rather  more  favourable  to  a  trans- 
forming system  than  the  conditions  usually  found  in 
practice,  for  the  reason  that  the  losses  in  transformers  are 
largely  independent  of  the  load,  and  that  sufliciejit  trans- 
former capacity  mast  be  kept  in  use  to  provide  for  the 
maximum  demands  during  any  given  period.  The  device 
of  dividing  into  small  sets  and  putting  them  in  as  needed 
cannot  be  carried  far  for  several  reasons.  Hence  the  losses 
are  more  nearly  those  due  to  the  maximum  than  to  the 
average  load  over  any  given  period.  Cable  losses  on  the 
other  hand  vary  with — and  as  the  square  of — the  actual 
load,  consequently  a  poor  load  factor  tells  much  more 
against  the  efficiency  of  transformers  than  of  cables. 

The  small  proportion  of  the  total  losses  due  to  the  high- 
tension  transmission  indicates  the  small  effect  of  distance  on 
the  overall  efficiency,  so  that  the  radius  within  which  the 
advantages  of  a  specially  favourable  position  for  a  generating 
station  may  be  utilised  is  not  severely  limited.     For  lines  on 


4  If       vVKSiS        lISTWftfTTW.    ^V.STE3iS-     IF      "li-,   ^- 

Mi.  :i     rvnirjrih-irsf     nfitors    aid   'he    inrxseuiiezit     nin^ircTi 
.:-:.»j..-r     1-    ..■.-riirt'.ri    ^»rpt:    jr-    Tnumcaiiie.     r     =    amnrtnt 

?  ,ti.  i-n-tii-.  •  rMi'jnriTirrr  it*:inj  T^iiurerL  he  tvarrA 
•;iir. .•:..••  -.tii  ir-  ctoT  iic^n,  vHci  iittmccLnv:^  a  -un— niuun 
u:ffU'  -.T  -  r  ftuiq.  "'ii*  :-  iaitiIv  I  ive  ':un?titr  ii  hi- 
..Miiit  •.•:  .,ii  lir  -rvtritirnie:-  »r  iL-rnhiitutii  in  -ucn  i 
'•  «.':n  -..n  '..-  v.^rTi-ri  nil  in  iitr  -.^me  iiitss  li  !ier^i  "rnt 
<,r  -.  ,1  t  v'wn  ..■.v«.*M\ri  ti;al  ^r.^f  ui€L 'be  "etpnaimii^  t:  :r. 
'..mniKTt    V  ill     fi;iil    1*^  c.ii\»vn. 

'  w    »r  nr.r/ti    i'itir  •:.    11    lilt  'liP'^.  -Auhemerr  iiifive  vf.rii^.i 
.Pit    .r  •    irr  •    .itviLitfr:    i  .r  *..  minJiThOll  :  — 


..iw  r^zr^fox. 


«    « .       1. 


■hull   n.  -  ^litlnib-.             ifsiiKn. 

r-^1-*''  iTL.jz^  iJ'J-4» 

jnrrt.  'jfii-            "55-^ 

if  ••.4  22-87              -'?c 

r2"''/25  IT'8^               •'j'^^ 


AI'PKNiJiX    No.  I. 
(  Mi  i  (Airo*.  or    MO  .1    MONOMICALCl'KKKXT  DENSITY. 

f.'nh  >>i  ,,l,,in,   I"  .      (    /  u,iii  ,  uliru:  (.  =  ciiriciit  in  amperes  and 

/     —    It    .  (.:|  Mil  i     Ml    (iImii  .. 

h'litf    I'/    inhn  I    iiinl    ill pm  utthni    /»•.>    ///    /."   i^icrliii^    per    annum, 
—  f' in  ii   \   « f.h  .l.int,    win  If    In  =  rate    per   cent,   per   annum    of 

iHhMi'sl  »Mnl    itr|MrM.\\\o\\  \    |^~v\wv!  \\\   |i\  v^T  Vou  o£  copper  in  the 
Inilh    n(    inlilr,    Ml  -Vow,    uV   vv^vvs.\    vv:\    v\\\\v:    viK    ^^^^w^Vw    ^K  ^^^s. 
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square  inch  cross-section ;  a  =  cross-section  of  conductor  in  square 
inches,  so  that  m  a  =  tons  of  copper  per  mile  ;  and  the  constant 
represents  such  costs  of  laying  and  other  expenses  as  are  practically 
dependent  only  upon  the  length  of  cable  laid  and  independent  of 
its  size.  To  add  these  losses  they  must  be  equated  for  definite 
conditions  of  load  and  period  of  use.  For  this  purpose,  assume 
the  period  to  be  one  year  ;    the  load  to  be  steady  and  lasting  for  a 

certain  fraction  of  every  day  =  \  A  certain  cost  per  Board  of  Trade 
unit  delivered  to  the  conductor  =  n  pence. 

Then  £i  per  annum  is  the  cost  of    ^-^-     B  of  T  units  wasted  per 
annum,  and  the  rate  of  waste   in  watts   which  gives  such  a  loss  is 

t  vl  ^/:..>  o^  -i  •  ^all  this  w.  It  is  the  number  of  watts  which, 
h  n  X  365  h  n 

wasted  during  all  the  working  hours  will  cost  £1  in  a  year. 

Then  —  wp  ma  is  the  interest  cost  of  the  cable  expressed  as  a 
100      ^  ' 

loss  in  watts  during  working  hours,  and  the  total  rate  of  cost  of  dis- 
tributing the   current  C  through   the   cable  is  ^' =  CV -|-  — w  p  m  a. 

The   resistance   of   the   conductor   obviously  affects  the   value   of 

,  the    two   quantities    making    up    the    total    loss    in    opposite    ways, 

and   the   problem   is  to  find   the    value  of   r  which   makes  y  least. 

Consider    a    cable    of    one    mile    in    length.      If    the    resistance    of 

one  mile  of   copper  conductor   of   one   square   inch   cross-section  is 

•045  u',    then    a  =  -5i5- ,  and    the    second     item    of    the    total    cost 

l^wp  m  .045 

100  r 
Since  this  has  been  equated  to  a  rate  of  loss  in  watts  it  may  be 
written 

b^ll.  _,-L  ,  where  t  =  C,r, 

r  r 

C,  being  such  a  current  as  would  produce  the  required  loss  in  watts  on 
traversing  the  resistance  r.    We  then  get 

y  =  CV-|-  '*, whence   y^'  =C»-  ^, 
r  dr  f 

and  this  is  a  minimum  when 

This  is  the  Kelvin  law,  since  when  this  is  the  case  C3  =  C,  and  the 
two  items  of  cost  representing  ohmic  loss  and  interest  are  equal. 
The  most  econoinical  current  density  therefore  \b 

ir"  =  _£. ,  wherc/=y  i*^!*"  ■'H^ 
"  04s  V  100 
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and  the  most  economical  rate  of  voltage  drop  is  /  volts  per  mile. 

If  the  load  is  not  steady  but  varies  in  a  known  way,  then  C*  =  the 
mean  square  of  the  current  in  respect  to  time,  and  C  =  the  square  root 
of  that. 

In  the  cxpresMon  for  /=,  --''-'-  is  the  annual  cost  of  one  mile  of 

lOO 

cable  of    one   square    inch    copper   section,   U\  of  9*1    tons  copper 
weight. 

Then  R  M^  IV  -045  „,^y  be  written  'ALMJI  or  -0041  R/^u' 
100  -^  100 

and  the  most  economical  current  density  written 


C  _    /    _.     /•0041  Rpw 
a  ""^045""^  '045 

and  a  table  of  such  densities  for  various  values  of  the  product  R  ^  if 
can  be  readily  formed. 


APPENDIX   No.    II. 

EXAMPLES   AND  TABLES   OF  MOST  ECONOMICAL  CURRENT 

DENSITY. 

Symbols  as  in  Appendix  No.  L 

9  _-  _J_  __     /  '0041  Rpw 
<^      045     V         -o^s""" 

R  =  percentage  interest  charge  on  cables. 

p  =  cost  of  one  ton  of  copper  in  form  of  cable. 

w  =  -^  ~,  where  //  =  equivalent  full  load  hours  of  use  per  day,  and 

n  =  cost  in  pence  of  one  Board  of  Trade  unit. 

For  example,  let        R  =  g  )  ^ 

O  -  }  h  tJ=Z  Q'O 

//  =  -Sd.      )  ^ 

then  /=•=  1800  X  6849  X  0041  =  5054, 

and   /  =  22-5  =  drop  in   volts  per   mile,  whence: =  ?2-5  —mo 

amperes  per  square  inch. 

The  equality  of  ohmic  and  interest  losses  is  readily  shown.    One 

mile  of  cable  of  one  square  inch  section  will  cost  ;£20o  X  9*1  s  £ifi20, 

4nd  the  interest  on  it  at  9  per  cent,  will  be  ;£i64,  while  the  ohmic  loss 

'U  be  500  X  22*5  =  \, 12^  >n2lIVs, ^o\W\  also  £164  per  annum  ;  to  the 

nest  ;£i  in  each  ca^. 
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'rabies  for  varying 

values  of  R  p  and  w  are  convenient,  in  llic 

following  form  :— 

R/  =  [,200. 

w 

t  =  drop  pur  mik. 

Best  di^nsity. 

40 
60 

...     157 

"■      17'2 

K/»  =  1,500. 

...     312 

...     362 
...     383 

40 

„.     157 

-.     362 

50 
60 

.,,     392 
...     437 

40 

...  17-2 

...     3B3 

50 
60 

...   li^'l 

..*      211 

...     427 
-     469 

or  a  table  giving  values  of  /  and  best  density  for  values  of  the  product, 
Rp  w  may  be  readily  made  and  used, 
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CALCULATIONS   FOR   "BOOSTED       FEEDERS. 


The  only  special  factor  in  these  is  the  correct  value  of  w.  Such 
value  should  take  into  account  Ihc  transformation  loss  in  the  booster, 
and  the  annual  charges  on  that  machine  referred  to  its  output. 

If  n  is  the  cost  of  a  Board  of  Tradu  unit  at  the  main  switchboard » 

M 

and  tlie  emciency  of  the  booster  at  its  average  working  load  is  - — • 

100 
the  transformed  units  will  cost  —^  n  in  energy  alone. 

Again,  if  the  machine  cost  £a  per  annum  in  interest  and  depreci* 
alion,  and  £b  per  annum  for  attention  and  stores  consumed  pei  unit 
of  average  working  outputi  these  charges  will  add  to  the  cost  of  the 

energy     ^^-  ^-j^—  in  pence  per  B.  of  T.  unit,  the  value  of  w  will  then  be 


365  X  h 


li'^ 


240,000 


(365  A  X  «  100)  ~h  240  (a  4-  b) 

X 


For  example,  if  a  booster  cost  £is  P^^  ^*^**  outputi  and  \%  per  cent, 
is  charged  for  interest,  etc»,  and  if  it  costs  los.  per  annum  for  attention 
and  stores,  these  costs  amount  to  £2-3,  or  a  +  6  ss  2"3,  then  if  the  set 
ts  in  service  15  hours  per  day 

ia  +  b)  240      2*^  K  240 

V         7  -•?  .^^^ J-^=,  *i  I  pence. 
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With  «  =  75d.  and  efficiency  75  per  cent.,  the  cost  per  unit  trans- 
formed beconieb 

(75  X  1*33)  +  '11     =  rii  pence. 

and  u'= ^— =  'iQ-c 

III  X  5*475      ^^^ 

The  vahies   of   «'   so   found    should  be   used  in  calculating  the  best 
density  of  current  in  the  *'  boosted  "  feeders. 

It  must  be  noticed  that  where  boosters  are  used,  as  on  trolley 
feeders,  to  keep  the  drop  within  certain  limits,  the  boosters  have  only 
to  supply  the  difference  between  the  permitted  drop  and  that  which 
occurs  in  the  feeders,  and  the  current  density  found  as  here  explained 
is  that  which  should  prevail  in  the  corresponding  distance  beyond  the 
point  at  which  an  unboosted  feeder  will  give  the  limiting  drop.  Hence 
the  total  drop  in  the  boosted  feeder  should  be  the  sum  of  the  limit,  and 
that  in  the  length  beyond  at  the  density  here  found,  and  the  actual 
section  of  the  feeder  should  be  such  as  to  give  that  drop  on  the  actual 
feeder  length.  Thus,  if  the  limiting  drop  is  50  volts,  and  that  is  given 
by  an  unboosted  feeder  3  miles  in  length ;  whilst  a  boosted  feeder  ib 
4^  miles  long,  and  should  drop  15  volts  in  the  i^  miles  excess,  the 
proper  uniform  density  in  the  whole  4J  miles  should  be  such  as  to  give 
65  volts  drop.  Unless  supply  is  given  much  beyond  the  limiting  drop 
distance,  the  decrease  in  current  density  as  compared  with  that  found 
for  direct  feeders  will  not  be  large.  In  track  feeders,  however,  the 
•'boosted"  density  is  practically  correct,  as  the  permissible  drop  is 
always  nmch  exceeded. 

The  best  density  for  secondary  feeders  supplied  from  transformers 
is  found  in  the  same  way  as  for  track  feeders. 


APPENDIX  No.  IV. 

Calculation  for  Track  Feeder,  East  of  T. 

Rail  resistance,  '0289  «•.  per  mile. 

Drop  allowed,  5  volts. 

Amperes  x  miles  constant  for  5  volts  =  173. 

Current  per  car,  15  amperes.    Cars  passing  in  pairs. 


From  T  Eastwards 

Cars. 

Amp.  miles.    Product 

Sum. 

( 

ist  pair 

...  30  X      -3=  9 

T  to  F,  5  cars,    1 

2nd  pair     ... 

...  30  X      -6=18 

•Q  miles.       1 

I  at  F 

...  15  X     •9  =  13-5 

\ 

.2otv\\w^D  F 

...  30X    -9=27 

6r5 

»-%    a         4-^ 

r  isl  P2A1C 

.»  '^^x\^\=36-3 

iq3-« 

P  to  G,  4  cars, 

liudv^Kv     — 

... -xfixv^-x.^^a;^ 

^^•7 

i-aS  milei». 

V2  on  \vue  "^Js  O 

...  -jfi  X  r\%— ^^ 

•w^i 

^' 
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s  til e  sum  is  brought  over  the  conntant  by  the  current  flowing  hi  at  Q 
from  branch  N  G,  G  should  be  a  point  of  change  of  direction.  The 
product  of  amperes  X  miles  on  branch  N  G  Is  15  x  i^i  ^  16-5  This 
added  to  the  1587  at  0=175*2.  a  little  over  the  Hmst.  Hence  the 
whole  of  the  30  amperes  from  branch  N*  G  should  flow  east^  and  the 
integral  of  ampere  miles  from  G  to  feeding  point  should  be  173—  if ""5 
=  156^5,  to  keep  N  at  5  volts. 

Then  from  G  Eastwards.    Section  G  O,  4  cars. 

1-5  miles  long.    Current  flowing  east  30  amperes  from  branch  N  G. 

Cars.  Amp.  mtlo^       Product,  Sum, 

AtG  ».        ...  t&s 

G  to  1st  pair        ...  30  x  '375  =  iV2%  2775 

ist  pair  to  2nd  pair  60  x  '75    ^45-00  737S 

2nd  pair  to  O       ...  go  x  '375  =3375  10^^1*50 

H  being  terminus,  and  only  2  cars  between  H  and  0,  it  is  obvious  that 
feeding  point  should  he  west  of  O,  so  sum  westwards  from  H. 


Cars.                        Amp.  mi  lea           Pifielticl 

Sum 

H  to  0 

r  1st  pair  to  0         ..<  30  X     '85    =  25*5 

17  miles." 

0  to  2nd  pair  G  0  30  X     '375  ==  1 1  -25 

■^rti4    tin    Till-    r\^iw*    n    C\    fkj^    V        -1-1—       ^_i    »^*i-iu-K 

3^75 

Feeding  point  will  thus  be  betw^een  the  ist  and  and  pair  of  cars  east  of 
G*  It  should  be  exactly  825  miles  east  of  G.  The  product  from  this 
point  will  be  5475  to  the  terminus  H  and  to  N,  corresponding  to  v^H 
volts  drop.     Hence  the  feedinjET  point  may  be  3*42  volts  above  earth* 

The  track  feeder  will  have  to  carry  back  1 20  amperes,  and  be  2,975 
miles  long.  Section  should  be  '39  sq*  in.,  and  the  drop  in  it  will  be  i5'o6 
X  2*975  =^  45  volts.  But  as  its  end  may  be  3*42  voUs  above  earthy  the 
booster  will  have  to  give  only  41 -58  volts^  and  have  an  output  of  41*58 
X  120=^5,000  watts  say. 

Track  Feedi^r  No.  2, 

From  T  Wtstufarth. 

It  is  obvious  to  inspection  that  some  current  should  return  r/J  Dand 
some  viil  J.  The  dividing  points  should  be  those  at  equal  distance  from 
T  by  each  route. 

On  the  branch  D  J  this  point  is  practically  at  the  centre  of  its 
length,  hence  half  the  total  current  is  taken  as  flowing  each  ivay. 

On  the  circuit  T  D  C  I  J  T  it  is  %'ery  close  to  the  junction  I.  Hence 
the  current  returning  by  J  will  be  lialf  that  on  the  branch  D  J,  and  the 
whole  of  that  on  branches  from  J  to  T,  K  and  L  respectively,  making 
altogether  8*5  x  15^  '^7*5  iimperes,  wliich  gives  at  once  the  section  of 
the  track  feeder  from  T  to  J.  It  also  follows  that  the  potentials  of 
points  D  and  J  should  be  kept  equal.    Find  feeding  points,  etc.,  as  before. 

T  to  D*  7  Okts  2'35  miles.  Branch  C  M,  4  cars  =  60  amperes  at  '35 
miles  from  T- 

Assume  I  car  at  D,  the  other  6  in  pairs  at  ^q,  \n%m\^  vn  ^-^'^^^ 
respectively  from  T, 
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Clkrknt  Kastwards  towards  T. 

Car*  Amp.  miles.      Product.         Sam. 

T  to  C  60  X    •35  =  2100 

T  to  ist  pair           ...  30  x    '59=  1770  387 

T  to  2nd  pair          ...  30  x  ri8  =  35*40  74*1 

T  to  3rd  pair           ...  30  x  177  =  53*10  127*2 

T  to  D         15  X  2*35  =  3525  162*45  =  47  V. 

T  to  O,  part  current )..  ^  ,.^.       ,^_ 

from  branch  D  J  P  4  X  2  33  =  10  ^  173 

giving  5  volts  at  D. 


Ci'RRENT  Westwards  from  D. 

I)  to  C,  1-65  miles,  6  cars,  passing  at  '41,  82,  1*23  miles  from  D,  33 
amperes  from  branch  D  J  also — 

Cars.  Amp.  miles.        Product.  Sum. 

D  to  1st  pair         ...     33  x  '41  =  13*53 
1st  to  2nd  pair      ...     63  x  '41  =  25*83 

2nd  to  3rd  pair     ...  93  X  '41  =  38*13 

3rd  to  C     123  X   41  =  50*43         127*92  at  C 

Count  back  from  A  to  find  eqiml  point. 

A  to  M,  2  miles,  3  cars,  assume  i  at  A,  2  in  middle. 

CuRHKXT  Eastwards  from  A. 

Cars.  Amp.  miles.    Product.  Sum. 

A  to  1st  pair      ...         15  x  i  =  15 

1st  pair  to  B     ...         45  x  i  :=  45  60 

B  to  C,  ri  miles,  2  cars,  assume  in  middle,  current  of  one  car  from 
branch  B  J.     Continue  summing  from  A. 

Cars.  Amp.  miles.      Product.  Sum. 

B  to  middle         ...       60  X  '55  =  33 

Middle  to  C         ...       90  x  *55  =  49*5       142*5  at  C 

This  indicates  feeding-point  a  little  west  of  C,  but  as  60  amperes 
more  enter  from  branches  north  and  south  of  C,  and  C  is  the  meeting 
place  of  four  tracks,  it  is  clearly  the  proper  place  for  the  feeder  to  tap 
the  rails.  If  this  point  be  kept  at  earth  potential,  A,  the  point  farthest 
from  T  will  be  at  4"i  volts  above  earth. 

The  feeder  will  be  4  miles  long,  have  to  carry  273  amperes  back, 
have  a  section  of  89  sq.  in.,  will  drop  4  x  15*06  =  60*24  volts,  and  booster 
must  give  273  x  60-24=  ^^^445'  ^'^^  17,000  watts. 

Track  Fkkdek  No.  3. 

Inspection  of  the  diagram  suftices  to  >howthat  J  must  he  the  feeding 
point  for  this.  The  greatest  drop  thence  will  be  on  branch  J  K.  2*2  miles 
'ong  with  2  cars.     Assume  one  at   K  and  one  half  way,  then  ampere 

es  K  J  will  be 41*25  or  I'l  volts.  J  must  then  not  be  more  than  3'S 
'wve  earth.    T\\\s  '\^  Vow^iY  v\ya\\\^,sq  U\at  more  than  the  half 
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current  on  !mc  j  D  will  rcttirn  by  Ihe  feeder  vit'i  J.  Pfr  conlnr  part  of 
the  current  ironi  branch  I  J  will  go  vitl  1  C*  The  iis;sunied  distribution 
could  be  obtained  by  splitting  the  feeder  at  ],  and  connecting  the 
branches  at  proper  points  on  the  three  lines  J  L,  J  K,  J  I. 

No  practical  advantage  would  result,  as  in  working  tlic  load  on  each 
ft:eder  is  regulated  to  keep  the  pilot  wire  indicatioji^  within  proper 
limits,  by  control  of  the  booster  E.M,R,  and  it  is  quite  certain  that  the 
actual  load  and  its  distribution  will  vary  widely  and  rapidly  in  any 
given  case  from  any  assumed  distribution,  consequently  in  a  network 
requiring  a  number  of  track  feeders  it  is  sufficient  to  ensure  that  they 
shall  be  provided  of  needful  section  and  number  to  enable  the  P.D.  on 
the  rails  Co  be  kept  within  hmit,  and  retined  investigation  of  the  current 
distribution  is  likely  to  be  labour  lost. 

Hence  No.  3  feeder  may  be  safely  taken  as  tapping  rails  at  J.  It 
will  be  2' 1 5  miles  long,  carry  127-5  amperes,  have  a  section  of  '4i5sqJn,, 
drop  32^4  volK  and  require  a  booster  to  give  3a"4  x  1275  =  4,1301  say 
4,300  watts. 

The  President:  The  subject  of  the  paper  is  now  open 
for  discussion. 


Professor  A.  jAMtESOX  :  I  am  sorry  that  1  only  |:^ot  a  copy  of  Mr, 
Savers'  paper  upon  entering  this  room,  and  therefore^  feel  that  I  cannot 
thoronghly  discuss  it  at  so  short  a  notice.  T  certainly  think  that  it 
contains  a  great  deal  of  sound,  useful  matter  put  before  us  in  a  very 
practical  and  interesting  foniii  but  it  requires  careful  study  at  home 
before  definite  opinions  can  be  expressed  upon  it.  I  may,  however, 
say,  that  in  connection  with  my  recent  trip  to  Cape  Town,  and  the 
investigations  which  I  had  to  make  in  regard  to  the  action  of  electric 
tramway  currents  upon  submarine  cables  and  other  electric  circuits,  I 
found  a  maximum  drop  of  voltage  on  one  section  in  the  return  current 
along  the  rails  to  the  power-house  of  five  volts  per  mile.  This  large 
drop  in  voltage  of  the  current  returning  to  the  power-house,  had  no 
doubt  a  great  deal  to  do  with  the  interferences  on  the  submarine  cable 
receiving  signals,  as  well  as  local  electrolytic  action,  and  I  proposed 
the  introduction  of  negative  or  sucking  boosters  to  reduce  the  potential 
of  the  raiJs  to  zero  or  a  Uttle  below  it  at  several  places,  as  well  ;is  twin 
twisted  cores  for  the  submarine  cable  shore  ends  and  other  electric 
circuits  which  ran  parallel  and  near  to  the  tramway  lines.  These  two 
modifications  have  overcome  all  difficulties.  Upon  my  return  to 
Glasgow  I  shall  read  Mr.  Saycrs'  paper  and  the  discussion  thereon  with 
interest,  pleasure*  and  benefit, 

Mr.  A.  M.  Taylou  :  Multiphase  working,  to  which  the  author  refers 
in  the  last  section  of  his  eminently  practiced  paper,  is  an  especially 
interesting  subject  from  the  point  of  view  that  w^e  shall  have,  in  the 
immediate  future,  to  consider  whether  light  railways  as  well  as  tram- 
ways can  be  worked  economically  by  the  multiphase  system,  (By 
the  term  'Might  nulways"  I  refer  more  particularly  to  lines  without 
ramifications,  connecting  populous  centres  to  on^  a\io\\\siT  01  \.q  ^x^a.K^ 
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It  lies  of  railwiiy^  and  which  may  have  to  travcr**e  con!*idcrablc  clbtancc* 
where  tJic  popul:itioii  is  very  sparse.) 

On  the  Last  page  of  the  paper  the  distribution  costs  for  the  hijS?t- 
k-n^on  system  are  given  as  ■352d-  per  unit  delivered  at  the  car.  As  the 
advocates  of  multiphase  transmission  will  probably  tr>^  to  reduce  Itiit, 
I  have  calculated  incidentally  how  much  it  may  be  po^ible  to  do  ^> 
Some  may  claim  that  reduction  could  be  made  in  the  losses  Ln  the 
iTiotof*geiieratur^ :  but  even  suppo^^ing  thai^  for  the  ?*ake  of  argument, 
wc  take  an  efiTiciency  of  gi^  per  cent,  (which  would  be  an  cxtremeh 
liigh  value,  and  could  only  hold  where  *itatic  transforiiicrs  and  rotarr 
converters  were  employed,  and  hardly  then)  this  item  would  only  h€ 
changed  from  "35 2d,  to  njiiL,  which  is  of  the  order  of  the  thir<l  of  a 
penny  on  every  unit  turned  out  by  the  sub-stations.  If,  now,  we  take  a 
long  straight  line  and  consider  what  we  could  do  in  that  ca**;  with  ji 
eomparatively  ijifi  equeut  service,  I  he  conditions  are  quite  ctifferent. 

Mr  Sayers  has  favoured  the  multiphase  system,  I  consider,  iti  the 
small  allowance  lie  has  put  in  for  attendance  at  the  sub-stations,  viz., 
3s.  per  week  per  set,  or  9s*  per  week  per  sub-station,  It  seems  to  me 
nithei  low,  and  I  do  not  know  how  he  is  going  to  manage  it ;  but 
perhaps  he  can  tell  us  a  little  more  about  thai.  This  item  is  distinctly 
in  favour  of  the  multipb;ise  system.  On  the  other  hand,  be  has  |aketi< 
as  I  have  already  said,  a  rather  high  vaiue  for  the  losses  in  tlie  motttf* 
generators.  The  result  given  iii  the  paper  for  the  cost  of  distribution 
is  352d,  per  unit  delivered  to  the  cars.  The  limiting  values  are^  under 
the  mo^t  favourable  conditions,  for  multiphase  working  about  o'2^2d.. 
nnd  under  the  least  favourable  conditions  about  o'378d.,  for  the  ^u*i 
of  system  considered. 

Now  With  regard  to  the  question  of  a  long,  straight  track ;  take  a 
sub-station  tvorking  three  miles  on  either  side  of  it»  or  six  miles  in  all 
and  an  infrequent  service^  say  a  half-hour  service,  as  you  might  have 
on  a  light  raiiw^ay  joining  tw^o  tow*ns  with  sparsel}^  populated  distncts 
between,  and  you  would  have  20,000  motor-car  miles  per  annum  for 
every  mile  of  line,  or  ijo»ooo  motor-car  miles  per  annum  for  the  sis 
miles.  The  resulting  cost  of  distribution  comes  to  o*56d.,  or,  if  v<m 
take  a  20-minute  service,  to  o*44d.,  for  every  unit  delivered  to  ttic  airs. 
Whether  that  is  a  practicable  amount  to  have  to  pay  as  an  extra  item 
for  the  cost  of  distribution  is,  of  course,  questionable. 

There  are  two  statements  in  the  early  pait  of  the  paper  wbich  it  1* 
rather  important  to  note  \  namely,  that  the  distance  to  which  we  can 
distribute  economically  is  not  I  united  by  the  density  of  the  traffic  :  alio 
that  the  cheaper  the  cost  of  power,  the  shorter  the  range  of  economical 
distribution.  On  the  tu>t  question  it  seemed  a  little  strange  that  it 
sttould  be  so,  and  one  thought  of  the  gradients  and  how  thev  wouM 
affect  thii>  flistance.  But,  as  t  understand  the  paper,  it  seems  that  ihc*< 
do  not  affect  the  limit  at  all.  The  reason  of  the  second  statement  i* 
that  Mr.  Savers'  formula  leads  iiim  direct  to  a  particular  cuneat  dfU'^tV 
far  each  case,  which  is  higher  as  the  cost  of  powder  is  cheajier.  Hence, 
having  fixed  hvs  drov*  al  ^o  x-oVls  (<sv  every  case,  as  a  limit ;  that  limit  i* 
reached  at  a  less  dvsUivce  \v\acv\  ^\av:  &t^^\Vg  \s  Vx-^t^,  i.e.,  wheo  Jht 
Sit  of  power  is  cheaper. 
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Lastly,  za  r^ijards  boosters,  there  is  a  little  difficulty*  I  cannot  quite 
understand  Mn  Savers*  figures.  He  deals  with  I  he  positive  and  ncj^ative 
feeders  in  some  detail.  It  would  appear  that  he  proposes  to  let  3*16 
jniles  go  tinhoo^tcclt  and  then  to  run  the  booster  to  supply  the  part 
which  is  beyond  ttiat>  and  he  is  only  going  to  boost  for  the  voltage  that 
is  beyond  that  (j'ift-mtle)  limit.  I  think  he  will  see,  on  reflection,  that 
he  must  boost  for  double  the  number  of  voUs  that  he  proposes  on  page 
jof),  as  (the  50- volt  limit  of  drop  having  been  reached  at  3' 16  niiles)  the 
drop  in  the  trolley  wires,  or  distribntoris,  working  back  from  the  point 
of  connection  of  the  feeder,  must  be  taken  account  of  as  well  as  the 
drop  in  the  feeder  itself, 

Mr.  Eustace  TnoMAs :  I  have  been  very  interested  in  Mr.  Sayer>' 
paper,  the  keynote  of  which  i;^  cconomkal  dtstribnlion.  Probably  the 
greater  number  of  the  systems  which  have  been  laid  out  have  been 
based  upon  obtaining  the  cheapest  s\'^teni  of  cables  rather  than  the 
most  economical  systenii  the  hmit  iu  the  reduction  of  the  size  of  the 
cablj  having  been  considered  from  the  point  of  view  of  current  density 
and  voltage  regulation.  Mr.  Savers  has  applied  for  this  purpose  Lord 
Kelvin's  lau%  making  the  assumption  that  the  cost  of  the  cable  would 
be  proportional  to  the  area  of  cross-section  of  the  copper 

Some  time  back  I  worked  out  a  method  of  applying  Lord  Kelvin's 
law  which  took  into  account  the  variation  in  cost  of  insulation^  while  at 
the  same  time  the  calculations  could  be  carried  out  in  an  exceedingly 
quick  manner  and  were  reduced  di  recti v  to  the  cable- maker's  price 
list. 

The  general  principle  of  this  method  of  calculation  is  as  follows  : — 

Suppose  that  a  cable  having  a  resistance  of  Ri  ohms  per  mife  is 
considered  ;  the  cost  of  the  energy  which  will  he  wasted  per  year  will 
be  proportional  to  the  resistance  R,  and  also  to  the  length  of  the  line, 
to  the  square  of  the  current  transmitted,  to  the  number  of  hours  of 
work,  and  to  the  cost  of  producing  an  extra  unit  of  energ)'. 

All  of  these  except  the  resistance  per  mile  will  be  unaffected  by  any 
variation  in  the  size  of  the  cable.  We  may  therefore  s;ty  that  the  cost 
of  energ>^  per  year  with  this  cable  will  be  R,  x  K,,  where  Kj  is  some 
constant, 

[f  now  we  select  the  next  si^e  larger  cable  from  the  price  list, 
having  a  resistance  of  R,  ohms  per  mile,  the  cost  of  energy  would  in 
the  smie  manner  be  R,  X  K,,  There  would  thus  he  an  annual  saving 
amounting  to — 

(R,  -  RJ  K.. 

On  the  other  h  md  the  larger  cabk-  would  cost  more  for  interest, 
maintenance,  and  deprecialvnn.  If  P^  is  tlie  cost  per  mile  of  the  hrst 
cable  and  P,  of  the  second,  then  the  interest,  maintenancet  and 
depreciation  on  the  hrst  cable  will  be  proportional  to  P^,  and  on  the 
second  to  P^.  There  will  thus  be  an  increase  in  the  annual  charges 
due  to  interest,  maintenance,  and  depreciation  amounting  lo — 

(P,-POK., 

where  K*  is  a  comtmt  involving  the  length  ol   IW   c-aiHiE:  m\^  V^<i 
rate  of  charges  for  interest,  etc. 
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iftt^-.-'t-v!  ;ii::  ri,:Zf^.\\d'  ioly  ap^jH.  ttie  size  ot  cable 
./ u/ r/'''!.  ».[•,. U.  r'-.r-  r:j;;.r-;.Anri  -. id c;  !-»  independent  ot  the  size  ot  cable 
.tnf]  rU-^,^vt'\:  i.p^/r.   f:ic  cv r  of  rrricrify,  rate  ot  interest,  length  of  the 

'l\\r  f  XArf  v:tliif  ff,r      '  I-  .'t-  foUow^  : — 

\( 
'  —  ////  rurrrnt  squared  multipluii  hy  number  of  hours  jcorking  fir 

finimm  miillifhril  hy  thr  (Ost  (if  an  extra  unit  of  energy  in  £  diritied  hy 
Ihr  riilf  hf  nilrrr\l,  matnfrnanr.c,  and  depreciation  and  by  i^ooo.  (A  rate 
t.t  tu\f  F'  .f  —  '1  woiilrl  corrcNp'^/nd  to  a  lo  per  cent,  charge.) 

hi  thr  following  UtltU'  th(;  vahie^  of  J^' — 1~  have  been  worked  out. 

K,   —   Ka 

h  li'Mi|/|  Ik  iiolfd,  |iow«'V(rr,  tli;it  these  values  arc  rather  old  and  will 
iii  J  oiii  .r  t\r\un(\  upon  the  class  of  cable  used. 
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It  win  be  seen  that  .either  n  U)jt$  or  :i  19/14  cable  would  be  about 
equally  economical,  and  either  may  be  selected  as  other  conditions 
may  decide.  I  may  say  th;it  in  my  own  experience  it  has  seldom  beeji 
possible  to  employ  this  or  any  other  rule  for  the  best  economy  through- 
out the  whole  of  the  feeder,  owing  to  sonic  being  long  wHile  others  are 
short. 

In  Mr*  Sayers*  lay-out  for  the  one  contimious-current  station  it  will 
be  found  that  the  current  density  assumed  for  the  shortest  cable  would 
cause  Ihe  trolley  wire  at  the  point  where  this  taps  in  to  be  commonly 
thirty  volts  higher  in  potential  than  at  tht*  points  where  the  longer 
feeders  are  tapped  in.  This  would  have  the  effect  of  entirely  dis- 
turbing the  distribution  which  Mr,  Say*:rs  has  assumed,  and  would 
render  it  necessary  to  work  at  different  current-densities  if  the  most 
equal  distribution  of  potential  on  the  trolley  wire  were  desired.  By 
somewhat  modifying  the  feeders  with  a  sectioned  hne,  of  course  the 
distribution  can  be  made  anything  that  is  desired, 

I  would  lil-Le  to  emphasise  very  strongly  a  point  which  has  been 
referred  to  by  Mr.  Savers,  but  %vhich  does  not  seem  to  have  been 
sufliciently  appreciated  in  the  discussioUj  namely,  that  the  most 
economical  di^trihttihn  does  not  necessarily  correspond  to  the  most 
economical  systcfn  considered  as  a  whole.  It  might  therefore  be  an 
advantage  tn  employ  the  single  generating  station  of  Mr.  Sayers'  fjrst 
scheme  in  place  of  the  two  generating  stations  of  his  second. 

I  am  glad  to  see  that  Mr.  Saycrs  approaches  the  question  of  one  or 
two  direct-current  stations  or  a  nudtiphase  distribution  with  an  entirely 
open  mind.  There  is  loo  much  tendency  at  the  present  time  to  speak 
of  an  engineer  as  a  **  multiphase  **  or  a  '*  continuous-currcnt  '  man.  No 
engijieer  who  is  fit  to  decide  upon  the  lay-out  of  a  tramway  station  can 
afford  to  be  designated  in  this  way.  He  must  be  prepared  to  examine 
into  the  merits  of  every  system  and  to  employ  in  different  cases  en- 
tirely different  arrangements.  To  tie  oneself  to  one  system  argues,  as  a 
rule,  a  lack  of  experience. 

Mr,  Bkrvard  M.  Je>jkin  :  I  should  like  to  point  out  that  this  paper  Mr.  j«i 
should  not  be  taken  in  any  way  as  comparing  the  relative  merits  of  one 
station  and  two  stations,  or  as  comparing  the  continuous  with  the  muUi- 
phase  system.  It  is  extremely  interesting  as  a  calculation  of  a  particular 
case,  but  one  cannot  generalise  in  any  way  from  it.  I  think  that  should 
be  t>orne  in  mind  very  carefully.  Again,  I  think  Mr,  Sayers  says  that 
feeders  should  be  rui^  to  separate  sections.  This  is  a  matter  upon 
which  it  would  be  interesting  if  he  would  say  a  little  more.  It  appears 
to  me  that  it  must  depend  almost  entirely  upon  the  number  of  cars 
running  on  the  line  and  upon  the  nature  of  the  line*  Very  likely  the 
copper  might  bt.-  used  very  much  more  economical  I  v  if  you  connected 
your  feeder  at  a  number  of  places  with  your  trolley  wire,  Otherw*ise 
you  might  liave  sections  lying  idle  without  any  car  connected  or  any 
current  opon  them,  and  those  feeders  would  be  lying  idJc»  wiicreas  if 
the  feeders  are  connected  in  parallel  and  also  connected  to  the  trolley 
wire  the  whole  of  the  copper  would  always  be  empVo^^e^* 

Mr,  E.  K,  Scott:  I  think  (he  multiphase  syslcTn  viO\3Xii\^'5K^^^'Q«^^^^  "*"' 
tery  much  better  if  Mr.  Sayers  had  taken*  instead  ol  V\^e  ^stvwv-aa^  ^^N:^^ 


If  i»  jcr^  Mlaei^g  lo 

^  08 

Fvitof  d 
gtar  h  r«aacMl  Iron  ^^15  per  kjm,  t& 
per  cent  lor  taicffcit,  dcyieciatioa, 
j^fo,575  fi»fcr«  s 
UffmtTt  the  two  iteiit»  for 


tbB  £^  per  t^w^  aad  tihe  i2| 
repairs  ai  £x$M»  mstraii  ef 
ibea  a^iiivith  static  trans- 


practioJIr  tripcd  o<itp  wlijhl  the  t^atncy  of  t^  trmflormatioti  is  rctr 
COftiidiTablf  tocTcaMd.  It  vrill  tlins  be  seen  tbat  the  dtslribiitiiin  cosi 
per  tmit  cSdhrcred  tD  the  car&  coaief  down  from  *iS2cL  to  about  *jd. 
Of  coune,  flie  Mi^ier  tbc  prtmaiy  iroltagc  and  tlie  greater  Umt  distribo- 
tioii  area,  the  better  doe%  the  case  for  msiidphase  tiactioci  apf^ar. 

Wf .  J*  Siri9rtitrir?(i*  •  I  hitve  alw-ajs  soutc  fcM-  to  hearing  a  paper  ike 
Ihu  titat  wc  are  departing  from  accuracy  with  a  view  tp  getting  sim- 
plicity oi  calculation.  I  am  ttierciy  repeating  what  t  said  at  otir  last 
meeting  on  anoitict  stibjcct.  Ke!vin>  law  is  Kehin's  law  as  long  a&  il  is 
ttmplc,  but  a%  sfjon  a^^  you  deal  with  the  real  circum^atice^  there  are 
£tll  <hort!i  of  qijc^tioft**  involved.  The  hr^^t  and  most  obvious  dtfltcultr  in 
^pplyinn  Anythmn  like  Kctvin's  law  is  the  question  of  tosulatian.  Of 
c/)tjr»e  the  cfr%i  o(  inf^iilation  does  not  V2xy  a^  the  cost  of  copper,  and  it 
gcjcA  up  with  the  prcfvsiure^  and  that  introduces  one  large  departnri% 
Thir  nritt  element  of  co^it  that  1  do  not  think  tramway  people  ever  ccm- 
wder  neiirly  enough  i%  the  eating  of  pipes*  Of  course,  generally,  the 
pi]ii;?i  arc  not  oiu^ii,  und  the  cost  need  not  be  included.  I  sup|>o«? 
Tramway  Companies  fully  underi^tand  the  advantages  of  the  English 
1;4W  on  the  ipicsHon  of  eating  pipes.  The  law,  as  far  as  I  understand  it, 
iii  lliii :  if  you  are  a  private  indnidual  and  eat  anybody  el^'s  pipes 
you  are  li^blu  fi*r  damages  ;  hut  if  you  arc  a  public  company  or  under 
un  Act  of  Parliament,  then  yoti  can  c:it  pipes  as  much  as  you  lik1^^ 
providetl  you  taku  ortlinary  precautions  and  do  not  eat  more  pipe^  than 
yon  ciin  help.  The  Hoard  of  Trade  is  ^^upposed  to  keep  down  the  con*^ 
iumplJtnj  of  pipcH,  und  generally^  if  you  follow  Board  of  Trade  rules, as 
yon  huvc  to,  yon  arc  supposed  to  get  off  scot  free.  But  seriously,  I 
ihhik  this  qucHtion  of  the  corrosion  of  pipes  is  going  lo  he  one  of  the 
greaU*>*l  chfhruhics  we  h.ive  to  deal  with  in  electric  traction*  I  am 
^oin^  U)  tlep;u  I  finni  Mi\Siiyi-'rs'  paper  a  little  and  point  out  one  mefhcxl 
wtiah  I  rlti  nut  think  has  been  Mifficienlly  considered  in  thi^  countni'. 
and  U\M  is  the  tljrce-\vire  s^ystem.  The  ordinary  three- wire  s^ sclera  i> 
iq>plicd  in  ahno^t  evurv  case  except  electric  traction.  The  Board  trt 
Trade  rulcn  u1  pvc^tn\  do  nol  lU  this  system  at  all,  I  do  not  think  tk 
1 1) r IT  -wire  ^y>t cm  is  cov\l^"mvViVt<id .    \l  V^.^-^. Xvitu  ^v^^iks^^d  before  tJiis 
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on  one  b\dG  without  being  considered  at  all,     I  believe  the  real  reason  J*J.i„biu.ae^ 
t^  that  some  American  has  said  they  did  not  use  the  three-wire  system 
in  America*  and  since  then  nobody  has  ever  lhong!it  of  applyin|*  IL 

The  ordinary  objection  is  that  whilst  in  electric  lighting  you  ciin 
gcnei-ally  balance  your  load  fairly  well,  in  traction  the  difhculty  is  very 
much  greater*  and  is  accentuated  in  tramway  practice  because  you 
generally  begin  oti  a  comparatively  small  sciile,  and  yon  may  have  a  lot 
of  cars  on  one  side  of  tile  road  and  none  on  the  other*  If  you  have  a 
block,  all  the  Ciirs  will  collect  on  one  side  and  yon  may  have  a  very 
serious  disturbance  of  balance*  What  I  wish  to  point  out  is  that 
the  booster  system  is  perfeclly  applicable  to  the  three  wires.  The 
booster,  if  you  think  of  it  without  preconcdved  ideas,  is  simply  a  series- 
machine  excited  in  such  a  way  that  it  will  jnst  excite  itself  on  short 
circuit  through  its  feeder  at  the  distant  point  on  the  neutral  conductor. 
The  result  is  that  a  machine  of  that  sort  simply  assists  in  preserving 
zero  potential,  A  comparatively  small  booster  on  the  three- wire 
system  will  do  all  that  you  want.  The  bigger  your  three- wire  system^ 
the  easier  it  is  io  manage  ;  whereas  on  the  other  system  I  he  bigger  I  he 
system,  th#*^ worse  it  is  lo  manage*  I  cannot  help  thinking  that, 
espcciqily' f or  very  large  districts  and  for  large  towns,  the  three- wire 
sj^stem  with  a  booster  on  the  middle  return  h  very  w*e!l  worth  con* 
sidcration* 

Mr-  P*  V\   McMahox  :   On  the  three- wire  system  of   the   City  and    Mr, 
South  London   Railway  we  do  not  use  Ixiosters  on  the  railway,  but 
batanccrs. 

Mr.  SwiKBURNH  :  You  are  speaking  of  electric  railways,  1  thtnk,  Wr. 
where  you  can  control  the  two  sides  to  some  extent.  1  was  talking; 
of  electric  tramways  w*here  you  have  the  electrolysis  of  pipes  and  an 
earth  return^  and  where  yonr  system  is  a  complicated  net,  not  a  mere 
line*  Do  you  think  the  three- wire  booster  system  can  be  applied 
lo  electric  tramways  ? 

Mr.  McMahom  :  In  an  electric  railway  we  sometimes  get  very  much   JJf- 
out  of  balance  also*     I  have  not  seen  the  use  of  this  system  suggested 
before  for  tramw^a^'s*  but  I  do  not  see  why  it  should  not  apply  very  well, 

Mr*  R,  C.  Qvw  :  I  have  only  glanced  at  the  paper  since  I  came  into  **r.  Viuiw. 
the  room,  but  I  may  say  that  I  agree  in  general  with  al!  that  Mr.  Sayers 
has  said,  but  there  are  one  or  two  points  on  which  I  differ  from  him* 
The  iirst  one  refers  to  the  allowance  for  depreciation  and  maintenance 
of  pipes  and  conduits  being  a  good  deat  lower  in  the  cable,  and  the 
statement  that  economy  may  be  best  studied  by  using  the  drawn ng- in 
sysiem.  With  that  I  entirely  disagree.  I  have  used  both  systems,  and 
my  conclnsion  is  that  if  you  lay  cables  on  the  drawing-in  system  you 
will  probably  have  to  draw  them  out*  and  it  is  cheaper  initially  to  lay 
cabtes  down  on  a  solid  system  than  on  the  drawing-in  system,  I  do 
not  quite  understand  the  tenor  of  Mr*  Sayers'  remark  about  the  paving 
between  the  lines  in  municipal  roadw*ays*  Does  Mr*  Sayers  infer  we 
should  have  no  pavings  or  that  d  should  i>e  other  than  granite  sets  ? 
Granite  sets  are  not  invariably  used,  but  mumcvp^Wve^  'bVyoftA^  vcv^viiV 
upon  some  special  paving  hetw^een  tbe  tr^inv  Vu\^s,  >o(iCA\i'*j^  tec  X\t\t^ 
iire  plACt?d  on  the  cmven  of  roads*      The  cro^u  oi  IW  x^^aA  A^-a^i^ 
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,.   ...r-  ..,-  ^.^^„.^ii  of  polc$»  some 

ivt  mtich  to  kam  from  llMMr  wlio  |irecaled 
vr_,trv  ;igo  in  lelegrafrh  work.  Tbe  brge  qnftaliQr 
licit,  in  tht:  Hitic^  were  Uid  down*  hncd  in  Uie 
itliif]  a  vef>'  few  fcu^,  aiid  drawinj^-io 
i  f I  The  l;iAt  itpcaker  sayn  he  doci  ool 
triiwrii^  tn  ^y»il:f]lt»«  htit  I  should  have  been  very  gbd  if 
IH  h(<  riM«fiu«.  ]  think  my»€l/  he  might  huvc  givrn  las 
(iiH*  rt*a4fiii,  nnfrit'ly,  th>il  ii  cal>lc  iibov(P  a  ccrlaui  *i/c»  if  it  i^*  tn!»ulated 
wHli  ItMBiel  vricltininj^  paper  iuiLihitionp  i*  not  convcmcnUy  or  ^fely 
drrtwii  ill  m  iMji  I*u*»ibly  ttivii  thu  best  tiyntcm  b  to  lay  thi5  cable  in 
WfMi^irii  bii  rijft  (imi^tii  rutt  in  with  bitumen.  * 

riif  iiIImi  lUv,  111  4  Uiwn  <»Ht  aoo  ntilcs  from  London,  I  wa*  watdi- 
hi^  iliit  vreclinn  nf  ht>n  jiluinliirds*  for  llic  IroUuy  wires*.  Although  the 
Htraitt  tut  i\  tiulk'V  wile  |ioie  rfinl  tlutt  tm  .i  tctcgniph  pole  arc  distinctly 
dHT*nrni  in  Iheii  i  litM^Ltt'rtHlic!i,  I  lliink  anyone  who  h^h  studied  the 
tHiibi'4  iti  \h*}  twii  I'rt'H***  will  M  .uiy  rale  irrcct  tbcir  polc^  iu  such  a 
WBiy  ibrtt  th»?y  will  not  lit'  likely  to  loo?ten  tlreiunelvej*  in  the  soiL  In 
Iht*  rsiiinipiv  1  iiH'nlion  1  Wfilcluxl  carefully  a  inimber  of  paks  being 
H*edrd»  kiiu!*  Eniylhtng  mote  ctnde*  jtuylhiug  showing  greaier  ignoratice 
rt%  in  tb^  fLtvUfiiiSivii!*  of  plaeiiig  a  ih)Io  in  I  he  ground,  I  regret  to  say  I 
hAVe  iK*Vt*i  *>^i*n  bfc>(oiiv  If  the  young  engineer!*  who  ;*ie  growing  np 
inniei  thi!  .V'  thv  InMitntion  would  i^ludy  the  i^ncstiofi  oC  tbe 

HT-iin  oil  p  1   m   the  gionud,  and  the  coiidiuatu^ 

tiK'  pivle^   M>  A*  to  itTiij^l  thv^M!  ^^trajn^ 
L.  lU  Ihifi!  it  a  \-cry  interr%;iing  subject.    W  llwy  i 
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look  ;il  tlm  paper  (sci^  Jourtml  <?/ Society  of  TcUgrapk  EnginifrHf  vol.  ii,, 
1^7,^  p.  40)  by  Lii-tjlfn:int  (tit>w  UoIoulI)  Jekyll.  U.K.,  which  w;ib 
jiuhiishctl  in  I  he  year  1873,  oit  the  tiut-jstion  ut  ^ti;iin^  oti  Ulfgraph 
pok's,  d though,  ,is  I  havf  ^lich  Ihc  coiiditions.  arc  very  cliff t-rcnt,  they 
wottkl  sec  I  here  many  sngi^estions  which  WDukl  be  very  usefnl  and 
help  I  hem  to  consider  liow  they  should  i\x  their  troUey-wire  pok-^i. 

Mr.  REiiiKALD  Wood  Icommuniatkd]  :  Mr.  Saytris  is  to  be  con^o-atu-  m. ' 
latecl  on  his  paper,  and  we  are  ihe  richer  by  his  observalions,  I  propose 
to  refer  to  only  one  point.  Mr.  Siiyers  ^lale^  that  iri  designing  *'i  feeder 
for  nse  with  a  bt>ot>ter.  it  is  necessary  in  making  Ihe  cakuhition  to  debil 
the  cost  of  the  unit  u^ed  in  the  feeder  with  the  extra  coi*t  occasioned  by 
the  booster.  Thoiie  interested  in  electric  tnictioii  are  apparently  so 
ueciistomed  to  regard  Ihe  booster  as  a  convenient  means  for  lessening 
the  fall  of  pressure  over  the  track,  that  they  forget,  or  do  not  appear  to 
notice,  that  the  booster  cheapens  transmission.  In  any  extended  system 
Ihe  booster  cheapens  generation.  11  is  therefore  quite  wrong  to  assume 
that  the  unit  lost  in  a  boo.sler  feeder  costs  more  tlian  Ihe  unit  lost  in  an 
unboosted  feeder.  The  mistake  iirises  by  comparing  home  feeding 
direct  with  distant  feeding  by  booster*  The  true  comparison  should  be 
between  direct  and  boosted  feeding  for  the  same  feeding  points.  In 
reading  Mr,  Sayers'  paper  one  would  conclude  that  by  using  unboosted 
feeders  near  bonie  one  was  effecting  an  economy*  The  most  eco- 
nomical niethorl  known  is  to  use  boosters  in  all  feeders,  providing  the 
**  boosters'*  are  of  proper  design*  and  of  coursti  providing  the  disposition 
of  the  load  is  one  suitable  for  boosters  at  all  The  total  capital  iuid  the 
total  annuiil  cost  in  a  properly  t>oosted  system  are  both  less  tljan  in  an 
unboosted  system. 

The  difference  between  lighting  and  traction  is  in  the  "  form  *'  of  the 
load  diagram  and  its  size,  and  traction  people  appear  to  like  irregular 
pressure.  The  designing  of  the  feeders  is  the  same  for  lighting  and 
traction;  the  current  density  may  be  and  usLtally  is  different*  The 
design  for  trolley  feeders  is  the  same  as  for  track  feeders ;  the  feeding 
points  may  be  and  often  are,  not  coincident.  As  the  track  returns 
more  current  than  the  trolley  wire  takes,  it  Is  clear  that  the  track 
feeders  return  less  than  the  trolley  feeders  take.  The  track-feeding 
points  are  practiciilly  fixed  by  the  Board  of  Trade,  and  the  trolley- 
feeding  points  by  division  of  the  troUey  wnre.  In  general  I  here  are 
fewer  feeding  points  and  less  copper  on  the  track  side.  All  this  is  Oii 
the  assumption  (not  .strictly  true)  that  the  form  of  the  load  curve  on 
each  feeder  is  the  same. 

One  might  ask  why  comparison  of  systems  of  transmission  has  so 
much  fascination,  why  so  many  have  tried  it  ;and  the  answer  appears  to 
be  that  it  take^  a  considerable  amount  of  trouble  to  disco%'er  that  a 
comparison  on  general  lines  is  inconclusive*  Each  disposition  of  load 
must  be  tried  on  its  merits,  only  rough  gentTalisation  is  permissible. 
Thist  is  on  transmission  alone,  without  taking  into  account  the  effect  of 
l!ie  system  of  transmission  on  the  locality  for  generation. 

By  placing  the  booslered  feeding  points  sufftciewU^  ^^'^  Vc^^^^^^sx , 
the  fall  of  poteatmi  in  any  section  of  atiy  d\slv\hv\\.\\\^  TTa.^\\\,  ^'^^^V^^s.'^ 
trollvy  wire,  tritck,  or  any  lighting  luaia,  may  be  \u^<^  'a^  %\s\^\  ^^^ 
iic*i*ircd. 
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^  This  i^  a  funcUon  of  Ihc  booster  which  is  of  ^cal,  in  !»otne 

^i;ir;tmount  iiiiport.inct.\  But  Ihe  booster  lay»  its  clatm  to  aci:«ptaiiCi6 
not  on  this  sccondiiry  resuU,  but  on  its  primary  achievement,  whieli 
iu  reconcile  in  the  cheapest  manner  coasuniption  at  u^deh*  distiaf 
pUccsN  and  cheap  generation  in  one  place. 

No  doubt  in  the  hands  of  a  gentleman  bO  cxpcf fenced  a^  Mr.  Stam 
uccur^tt-  results  are  attained  by  including  in  Hit;  price  of  ihi!  unit  b!4  m 
tlie  feeders  the  interest,  etc.,  on  the  part  of  the  generating  staljon  u^ol 
in  producing  it.  The  latter  item  b,  however,  the  greater,  Cumnl 
density  in  the  feeder  depends  on  the  fortn  of  Ihe  load  cur\  e,  and  per 
Imp^  it  is  near  enough  practically  to  s;iy  on  the  lodd  factor.  The  reUlion 
between  interest!,  etc.,  charges,  on  Ihc  |*enerating  :^t3tion,  and  the  iutl« 
etCo  expended  alsordcpend^^  on  the  fonn  of  the  load  cur\e.  It  i*  de^tf, 
then,  thai  any  result  based  on  combiriin|J  tnlerfijt  and  fuel  charges  can 
give  the  correct  current  denijity  only  fov  the  corresponding  !ci*td  curvt. 

1  do  not  know  that  I  agree  with  Mr.  Spiyci^  that  the  unit  lost  in 
feeder*  should  he  priced  at  the  same  co^t  as  that  used  iti  bactiou. 
There  h  much  to  be  urged  on  the  other  side. 

The  term  '*  negative  booster**  is  rather  common,  but  hardly  accurate, 
A  booster  is  not  altered  by  beitig  taken  from  the  positive  and  inserted 
in  the  negative  pole, 
tr.  Mr,  A.  P,  ThottilK  liimimunrfiMkif]  :  In  my  ''  Note  on  Electric 
Tramways"  eommunicated  by  Major  Cardew,  April  28.  1898,  I  dis- 
cussed tiie  design  of  return  feeders  chiefly  with  regard  to  the  selection 
of  the  point  of  conjieelion  of  the  feeder  wilh  the  rails.  In  the  c^rtginaJ 
form  of  this  Xole^  written  in  November*  JJS97, 1  considered  theque^ion 
of  minimttm  cost  of  the  feeder  and  booiitcr,  neglecting  the  cost  of  energy 
to  drive  the  booster.  But  on  further  consideration*  I  found  that  the  cost 
of  energy,  so  far  from  being  negligible,  was  a  most  important  factor* 
Knowing  nobody  at  Cape  Town  witli  whom  1  could  discuss  the  cost  of 
energy  or  the  rate  of  interest  at  which,  the  amount  should  be  capiUdisi-d, 
1  wrote  to  Major  Cardew  to  ask  him  to  cancel  the  latter  part  of  the 

HHtBnt  now  that  Mr.  Savers  ha^  attacked  the  subject  from  the  other  end, 
and  has  shown  the  importance  of  the  cost  of  energy,  ^^ly  cimccllcd  note 
may  be  published,  and,  with  certain  corrections  made  by  Major  Cardew^ 
is  as  follow^s  I— 

■*  The  sectional  area  of  ihe  retnrn  feeder  varies  inversely  with  the 
output  of  the  booster  which  draws  the  current  through  it     Neglecting 
the  cost  of  the  energy,  and  the  difference  between  the  rate  of  deprecia- 
tion of  the  feeder  and  of  the  booster,  the  capital  expenditure  will  be  a 
niinimum  when  the  co^t  of  the  feeder  is  equal  to  that  of  the  booster, 
have  iii-ri  ;^  IrAiti  copper  feeder  erected  on  the  tramway  poles,'  at  i?,  pci 
under  t^  ^oU  of  one  mile,  having  a  resistance  of  one  ohm.,  is  about  ^45- 
stram  on '  of  the  booster  may  b^  put  at  £14  per  kilowatt.     Then  tlie  co^t 
manner  of  Vr  iji 
surface,  they 


'Siit^  ike 


4Si  X  ^  or  45-,    * 
''ic  o^ggctfcn,  ,mii  the  pri*.e^  related  to  work  at  Cape  TvWB, 
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where  /  is  the  lengtli  in  miles,  and  r  is  the  resistance  in  ohms.    The  cost    '*■'•  '^^^^^ 
of  the  booster  is 

I^OOO* 

where  c  is  the  current  in  amperes, 
'^  Since 

r  '^  r,ooo  » 

_      /3,2QoK      56  6/ 

For  I  ampere  for  i  mile,  the  resistance  is  56*6.  The  watts  expended  are 
56-6  and  the  booster  costs  £<r^%  the  ft;eder  costs  the  same,  making  a 
total  of  £138  per  ampere  and  per  mile. 

'*  Applying  these  results  to  the  case  represcntt^d  by  the  line  B  H  L  M 
(see  the  Ggure  in  my  Note,  vol.  xxvii.,  part  135*  p.  458)  we  have  3t  miles 
and  130  amperes,  and  the  cost  of  the  feeder  and  booster  would  be 
3 '5  X  130  X  r58  =  ;£7i9.  Would  any  economy  be  effected  by  tapping 
at  the  third  mile  with  one  feeder,  and  at  the  end  of  the  rails  with 
another,  giving  the  distribution  shown  by  I  he  line  BHMOP?  The 
first  feeder  would  carry  80  amperes^  and  have  a  length  of  three  miles  \ 
the  cost  of  the  feeder  and  booster  would  be  240  x  t  58  ^  i379'^"  The 
second  would  carry  40  amperes  5  miles,  and  the  cost  would  be  £316, 
making  a  total  of  ;£695^2  and  a  saving  of  ^23'8,  which  would  not  pay 
for  the  trouble." 

A  day  Or  two  after  sending  this  to  Major  Cardew,  I  learned  that  the 
cost  of  energy  should  be  put,  for  the  particular  case  in  view,  at  2d.  per 
unit.  The  booster,  according  to  the  foregoing  catculalion*  would  have 
to  do  25*67  kilowatts^  and  this  would  cost  £2.  ros.  a  day,  or  £912  los.  a 
year.  Capitalising  at  10  years,  the  sum  of,  say,  £9,000  had  to  be  added 
•  to  the  cost  of  the  boosterj  which  seemed  so  alarming  that  I  wrote  to 
Major  Cardew  to  suppress  all  that  part  of  the  communication,  and  I 
never  reconsidered  the  matter  until  Mr,  Sayers  took  rt  up. 

The  form  of  tlie  foregoing  expression  may  be  w^rong,  and  other 
details  may  be  added,  but  my  object  is  to  point  out  that  economical 
'   distribution  requires  a  very  different  design  of  conductors  and  boosters 
from  that  which  would  be  obtained  if  first  cost  had  been  the  only  con- 
sideration. 

Mr*  H.  M.  Sayers,  in  reply  :  In  answer  to  the  questions  which  have  Mr  h.m, 
been  put  to  me  more  or  less  direcUy^  I  shall  have  very  little  to  trouble  ^^^"■ 
^ou  with*     I  feel  that  my  paper  has  not  met  with  much  in  the  way  of 
contradiction  or  destructive  criticism*     Mr*  Taylor  thinks  my  estimated 
^ost  of  attention  to  motor-generators  is  low.     I  daresay  it  is*     I  have 
^ot  bad  an  opportunity  of  finding  out  what  it  actually  is  in  practice,  and 
1  do  not  wish  to  take  too  high  a  figure.      But  this  figure  in  the  paper  is 
»iot    put  forward  as  the   actual  working    expenses  of   any  particular 
system  ;  these  figures  are  simply  assumed  for  arithttvj^UcsX  t^CM\aM\QTw\\M. 
place  of  algebraic  symbols.     Therefore  I  am  not  pte^'^t^  \^  if*  v^^^ 


T«0 
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ilctaik  or  how  I  could  get  the  cxpen^^n  down  to  js.  per  set  pet  wocL 

I  think  it  may  be  done  for  not  much  more  than  that  under  propef 
amiiigcnicnts  and  under  favourabk  conditions.  Mr,  Taylor  is  quite 
right  in  saving  thiil  |*radcs  and  density  of  traffic  do  not  effect  the  IMsh 
oi  di^itribution.  What  they  do  alft^cl  arc  the  sixes  of  tfic  ft^eittr^  lotbc 
section  of  line  at  which  the  gradcit  or  the  dense  traftic  exist.  WrttJ 
reg^ird  to  his  question  as  to  trollcy-wnrc  boosters  I  point  out  th:il  im 
brevity  I  simply  took  one  feudcT  to  the  centre  of  graivity  of  the  di^trici. 
beyond  tlie  limiting  distance^  and  supposed  that  M  tJie  cwrrent  wa? 
taken  there.  In  practice  one  would  run  the  booster  feeders  to  a  number 
of  points,  as  he  suggested. 

Mr.  Eustace  Thomas  gave  us  a  valuable  method  of  conip;tring  twc 
conductors  for  a  given  load,  I  would  point  out  that  the  method  whidi 
I  have  given  here  h  more  general^  and  that,  as  a  matter  of  fact,  if  otK 
takes  a  price  list  tt  will  be  found  that  over  a  rt-allyconsiiderTible  r^n^tr'ji 
sizes,  cables  of  similar  insulation  cost  a  certain  price  per  toti  of  coppvf 
insulated*  and  that  price  being  taken  with  the  other  fjgurcs,  as  1  sij, 
one  gets  a  general  c^tpression  for  the  most  economic  density  ^^nbstanti^y 
correct  for  loads,  within  limits  corresponding  to  the  sues  of  the  coei- 
actors  for  which  such  price  is  correct, 

Ifn  Jenkins  remark  that  my  paper  must   not  be  taken  as  a  coin- 

ison  of  different  systems  is  perfectly  tnie  i  it  docs  not  prtjfcss  tc 
compare  the  different  systems.  He  objects  to  the  suggestion  that  feediff^ 
should  be  run  to  separate  sections.  I  do  not  know  whether  he  Ihtuki 
I  intend  that  each  feeder  shall  only  feed  the  trolley  wire  at  one  point 
That  h  not  a^unied  or  intended  at  all,  but  I  have  found  as  a  matter  oi 
practice  that  it  is  best  in  a  large  system  at  any  rate  to  separate  the 
trolley  wires  at  various  points,  and  to  feed  each  section  of  trolley  wife 
so  separated  with  one  feeder.  It  will  be  led  at  several  points,  of  cotirse  : 
on  a  busy  system  no  loss  occurs  from  thatj  and  many  advantages  accnitv 
Mr.  Scott  wants  to  know  why  I  do  not  assume  5,000  volts  instead  d 
2.500  for  the  pressure  of  the  miilttphasc  system.  He  will  find  that  it 
would  make  a  very  small  difference  to  the  costs  as  I  have  worked  them, 
and  as  a  matter  of  practice  I  should  prefer  to  work  with  the  2,500.  He 
is  quite  right  as  to  the  use  of  polypha^je  motors  on  the  cars,  and  the 
verj'  great  difference  that  would  make  in  the  expense  of  the  system.  I 
have  pointed  that  out  in  the  penultimate  sentence  of  my  paper. 

Mr,  Swinburne's  remarks  as  io  the  three-wire  system  arc  worthy  of 
attention.  I  have  alwws  felt  that  this  system  is  worth  trying.  There 
are  many  cases  where  it  would  seem  to  afford  a  way  out  of  cert:iin  diffi- 
culties which  we  now  experience.  The  difEculty  is  to  6nd  anybody 
who  will  put  down  the  money  for  the  experiment^ — because  it  would  he 
an  experiment,  and  there  would  be  a  great  many  det;iils  which  would 
require  working  out.  The  difTicuUy  in  kilaticing  between  the  two  troUcy 
wires  is  not  imaginary.  Of  course  the  balancer  is  what  one  would 
naturally  use  to  keep  the  voltage  equal  on  the  two  sides.  I  believe 
there  is  an  American  experience  of  the  three-wire  system,  I  have  seen 
illustrations  of  the  overhead  work,  and  the  illustrations  do  not  induce 
one  to  try  it  hercj  but  in  that  case  both  wires,  both  positive  and  negative 
wires^  arc  tapped  by  iHc  VroV\e^'  mius  ol  *t^c\\  <:;m,^w^  vV^sl^ot  eour^ 
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accentaates  the  difliculties.  Mr.  Quiii  ^ized  on  my  sentence  as  to  the  mt.  h.  m 
drawing-in  system  and  solid  system.  I  should  be  %^ery  glad  to  give  my  ^^>'^* 
reasons  for  preferring  the  drawing-in  system,  hut  it  would  take  anollier 
paper  to  ^vvc  them  anything  like  full  effect.  But  I  may  mention  that 
experience  of  gas  and  water  companies  shows  that  a  cast-iron  pipe 
buried  in  ati  average  soil  has  a  life  of  40  years,  and  that  therefore  a 
depreciation  rate  of  1  per  cent,  is  suflicient  to  cover  it. 

With  regard  to  his  further  remark  as  to  the  construction  of  the 
track,  I  am  not  a  permaucnt-way  engineer,  and  I  do  not  propose  to 
discuss  diat  matter  any  further,  but  I  think  a  provision  of  gre^iter  con- 
ductivity in  the  track  is  worth  study  and  worth  experiment  by  municipal 
engineers.  The  municipalities  will  not  allow  us  to  make  >iich  cxperi- 
menls  at  a  IK 

[Commttnkated,] — Mr.  Wood's  interesting  communication  calls?  for 
little  Linswer,  as  it  mostly  agrees  with  my  p.ipcr.  I  would  point  out  lo 
him  that  in  cliargingthe  unit  delivered  through  a  booster  with  the  energ}^ 
used  in  the  booster,  I  am  acting  quite  correctly,  as  such  charge  is  com- 
pared with  the  energy  wasted,  and  the  annual  cliarges  incurred  in  a 
cable.     It  is  part  of  the  cost  of  distribution,  and  cannot  be  neglected. 

Undoubtedly  the  booster  provides  a  cheaper  means  of  keeping 
pressure  up  at  a  distant  jxiint  than  additional  copper  in  the  feeder  in 
some  cases.  The  track-feeder  case  shows  this  in  an  exaggerated  form 
as  compared  with  trolley  or  lighting  feeders. 

The  load  curve  and  the  permissible  variation  of  voltage  over  the 
distributing  system  are  important  factors  in  determining  the  most 
economical  system,  and  I  am  glad  to  recognise  how  thoroughly  this  is 
understood  by  at  least  one  reader  of  the  paper, 

Ttie  PRKstDEKT  ;  I  will  ask  you  to  give  a  very  hearty  vote  of 
thanks  to  Mr.  Saycrs  for  his  paper. 

The  vote  was  carried  by  acclamation. 

The  President  announced  that  the  scrutineers  reported  the 
following  candidates  to  have  been  duly  elected  : — 

Members  r 
Edwin  S.  Jacob,  |      Frederick  Tliomas  Trouton, 

Associate  Mi'mbirs : 
P.  Kerr  Higgins.  |      Bradford  Leslie. 

Harold  MacKnight  Sillar* 


Richard  Gilbert  Allen. 
William  John  Blenheim* 
Spencer  Flower. 
Frederick  Mason  Hartley, 


Alfred  Harvey  Bennett, 
Reginald  Walter  Penny, 


AmKiaks : 

Frederick  James  Lowe, 
David  Herbert  Patrick* 
John  Francis  Jodrell  Reynolds, 
Henry  Ellis  Thompson* 

I      Ocorge  Eliot  T\iTnV^v\\\. 
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The  Three  Hundred  and  Forty-Eighth  Ordinary  General 
Meeting  of  the  [nstitution  was  held  at  the  Society  of 
Arts,  John  Street p  Adelphii  on  Thursday  evening,  May 
loth,  igoo^Professor  Si LV anus  P,  Thompson,  F.R,S., 
President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  Meeting  held  on 
May  3rd,  1900,  were  read  and  approved* 

The  names  of  new  candidates  for  election  into  the 
Institution  were  announced,  and  it  was  ordered  that  the 
list  should  be  suspended  in  the  Library* 

The  following  transfer  was  announced  as  having  been 
approved  by  the  Council : — 


From   the   class   of    Associates    to    that    of    Associate 
Members — 

John  McBeair. 

Messrs,  Oswald  Haes  and  B.  G.  Stewart  w^ere  appointed 
scrutineers  of  the  ballot  for  new  members. 

Donations  were  announced  as  having  been  received  since 
the  last  meeting  as  follows  : — To  the  Lihrar\\  from  Mr* 
Henry  Wilde,  F.R^S.^  Hon,  Member  ;  to  the  Building  fund, 
from  Major  A.  M.  Stuart^  R.E.,  Mr,  J,  F.  J,  Reynolds,  and 
Mr.  Mark  Packer;  and  to  the  BenevoleNt  Fund  from  Mr,  R 
W,  Weekes  ;  to  a\\  ot  \\\iom  VW  VV^-^abs  of  the  meeting  were 
unanimously  accorded. 
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A    FRICTIONLESS    MOTOR    METER. 
By  S*  EvERSHED,  Associate  Member* 

Preliminary. 

Lest  there  should  be  any  misapprehension  of  the  title  of 
his  paper p  let  it  be  said  at  once  that  the  adjective  is  used  in 
the  comparative  sense  already  sanctioned  by  such  analogous 
phrases  as  "smokeless  powder,"  '* watertight  compartment/' 
and  so  on.  Every  one  knows  that  smokeless  poivder  makes 
some  smoke,  and  that  a  watertight  compartment  usually 
leaks,  but  the  smoke  is  not  sufficient  to  enable  the  position 
of  a  gun  to  be  seen  nor  to  interfere  with  other  military 
operations,  and  the  leaks  are  not  sufficient  to  sink  the  ship. 
Similarly  a  frictionless  motor  meter  is  one  in  which  the 
friction  commonly  met  with  has  been  so  greatly  reduced  as 
to  render  correction  unnecessary,  and  reduce  wear  and  tear 
to  an  inappreciable  amount. 

In  the  course  of  the  last  few  years  the  author  has  tested 
some  of  the  better  known  types  of  motor  meter  in  genera! 
use,  with  the  result  that  the  lowest  observed  value  for  the 
moment  of  frictional  resistance  is  57  dyne  cms,  and  the 
highest  nearly  1,400  dyne  cms,,  while  values  of  from  300  to 
500  dyne  cms,  are  quite  usual.  AU  these  tests  were  carried 
out  upon  new  meters  which  had  been  carefully  adjusted  by 
the  makers.  In  the  author's  meter  the  friction  moments  so 
far  observed  vary  from  17  dyne  cms,  in  a  new  meter  up  to 
3'5  dyne  cms,  in  one  which  has  run  for  many  million 
revolutions.  These  figures  will,  it  is  hoped,  serve  to  excuse 
if  not  to  justify  the  title  "  frictionless." 
'  Among  the  many  links  in  the  long  chain  connecting  the 
energy  locked  in  the  coal  store  of  an  electric-power  station 
with  the  work  done  on  the  consumer's  premises  the  supply 
meter  is  by  no  means  the  least  important.  Yet  it  has 
perhaps  received  less  attention  from  the  Institution  of 
Eiectrjcal  Engineers  than  any  other  essential  part  of  an 
electric  supply.  It  is  difficult  to  assign  any  cause  for  this 
apparent  neglect  :  electric  meters  began  to  be  invented  in 
the  earliest  days  of  electric  lighting,  and  by  the  time  U\e 
industry  was  on  a  sound  basis  there  v^ert  ^aXie:^^'^  ^\^ij^ 
number,  working  on  a  variety  of  whoW^  dvfteteul  ^tw^iv^^'^^^ 
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awaiting  the  tesl  uf  practical  use.  There  were  motor  meters, 
electrolytic  meierSi  dififcrential-clock  meters,  feeler  meters — 
in  addition  to  a  host  of  nondescript  meters.  There  were 
many  kinds  of  each  of  the  fundamental  types ;  some  of 
them  based  on  more  or  less  s^impjc  kiws ;  others  practically 
lawless  and  detitined  on  that  account  to  succumb  m  the 
struggle  for  existence.  But  the  extraordinary  actrvity  of  the 
meter  inventor  and  the  very  wide  field  he  way  working  in 
has  left  scarcely  a  trace  in  the  Proceedings  of  the  Institution.' 
While  we  have  over  and  over  again  discussed  every  other 
I  ink™  coal,  boilers,  engines,  dynamos,  mains,  batteries,  trans* 
formers,  lamps,  and  so  on,  and  devoted  a  vast  amount  of 
learning  and  experience  to  efficiencies  (reckoned  to  frac- 
tions of  I  per  cent.),  to  load  factors,  to  costs  (calculated 
to  minute  fractions  of  a  penny) — we  have  been  content  to 
pass  the  meter  over  in  silence.  Is  the  average  meter,  then, 
so  good  that  it  needs  no  attention  from  us  ?  Far  from  it ; 
erratic  meters  are  not  unknown.  One  will  allow  a  consumer 
to  run  a  lamp  all  day  for  nothing  ;  another  for  30  or  40  per 
cent,  discount,  t'recious  energy  after  having  its  cost  ascer- 
tained to  the  hundredth  of  a  penny  is  positively  being  given 
away  every  day  by  sticky  motor  meters,  unbalanced  clock 
meters,  and  the  like.  As  a  set  oflf  one  hears  of  meters 
running  up  a  big  bill  when  the  consumer  is  out  of  town  and 
the  main  switch  off. 

Bearing  all  this  in  mind,  the  author  feels  that  a  paper 
devoted  to  the  description  of  an  attempt  to  remove  some  of 
the  more  obvious  defects  of  a  particular  class  of  meter- — the 
motor  type — together  with  an  exhibition  of  the  outcome  of 
that  attempt  will  need  no  apology. 


Motor  Meters. 

The  fundamental  principle  of  alt  motor  meters  is  ^ery 
simple*  The  driving  momejit  (torque)  of  the  motor  is  made 
proportional  to  the  power  (or  to  the  currenti  in  a  coulomb 
or  electricity  meter)  being  metered,  and  tlie  speed  of  the 
motor  is  controlled  by  a  brake  whose  resisting  moment  is 

•  Here  are  the  Q\\\y  papci^  onme^^i^t'i  published  from  1S85  to  1899:— Mr 
Hofykham,  in  demo\^^tnit\ug^ h\s  v\%t;\o,  v\*^^^.  vH>\.^NV\\^Tj,t*S8  ;  Mr.  GibbinK*, 
*'  Hcgisiniiion    qI    SmmW    CutttvWa   use^L  ^o\  ^\^o^xc  \ai^^^^^  ^^svi,  rahti 
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Toportional  to  the  speed.  Consequently  the  speed  will  be 
proportional  to  the  power  (or  to  the  current),  and  the 
nmnber  of  revolutions  niadt;  in  a  given  time  will  be  propor- 
tional to  the  energy  (or  to  the  electricity)  supplied*  This 
was  first  clearly  stated  by  Professors  Ayrton  and  Perry  in 
describing  their  welt-known  energy  meter,  the  forernnner  of 
nearly  all  energy  meters  since  invented-^  Unfortunately  it 
is  easier  to  lay  down  the  law  than  it  is  to  make  a  meter 
obey  it.  A  motor  axle  must  have  bearings ;  a  current  has 
to  be  led  to  the  rotating  armature  either  by  brushes  or  by 
eans  of  a  mercury  bath  ;  and  there  is  a  counting  train  to 
be  driven.  All  these  things  involve  friction,  and  a  part, 
often  a  very  considerable  fraction,  of  the  available  driving 
torque  wili  be  used  up  to  overcome  it.  There  are  other 
minor  difticultieSp  such  as  the  construction  of  a  motor  with- 
out iron,  variations  of  electrical  resistance  due  to  temper- 
ature and  so  on,  but  practically  friction  is  the  only  serious 
trouble  in  a  motor  meter;  it  limits  tlie  accuracy  and  involves 
a  good  deal  of  wear  and  tear. 

If  one  attempts  to  design  a  practicable  energy  meter  of 
the  type  described  by  Ayrton  and  Perry,  one  is  hampered  by 
certain  fairly  delinite  limitations,  such  as  cost  of  manufac- 
ture,  drop  in  the  current  coils  at  full  load  (or  power  wasted 
in  them  if  that  is  the  more  important  item),  and  above  all 
waste  of  power  in  pressure  circuit.  If  the  full-load  drop  is 
fixed  at  one  volt,  and  the  wasted  power  in  the  pressure 
circuit  is  limited  to  three  or  four  watts,  it  will  be  found  that 
the  maximum  driving  torque  obtainable  (on  the  assumption 

hat  the  meter  is  to  be  saleable  at  present  average  prices)  is 
imething  like  20,000  dyne  cms.,  and  the  friction  may  be 
im  300  to  500  dyne  cms,  A  greater  driving  moment  is 
Ctisily  obtained  by  enlarging  the  armature,  but  only  at  the 
expense  of  increased  weight  of  moving  parts  and  a  con- 
sequent increase  in  friction.  We  shall  be  fatrly  stating  the 
result  of  ciireful  designing  if  we  put  the  driving  torque  at 
15,000  and  the  moment  of  frictional  resistance  at  300  dyne 
cms, ;  in  other  wordsi  driving  torque  at  full  load  amounts  to 

bout  fifty  times  the  frictional  resistance.     It  will  be  con- 

enient  io  reduce  these  figures  to  percentages  by  calling  the 

full    load    J 00,  maximum    driving  moment    100,  and    the 

friction  moment  2,  arbitrary  units.  We  \ixx^  aWo  tecVow  VviJ^ 

I 
*  Sf>rci*ication  of  P^ilcnl  No,  ab^i-i^l. 
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Speed  of  the  meter  as  loo  revolutions  per  minute*  Our 
hypothetical  meter  will  obviously  not  start  until  the  load 
exceeds  2.  Also  it  will  make  98  revolutions  per  minute  at 
full  load,  since  of  the  total  driving  torque  of  100,  two  units 
are  used  up  for  friction,  leaving  98  to  work  on  the  brake. 
Hence  a  table  of  corrections  can  be  written  down  at  once, 
on  the  assumptionj  of  course,  that  friction  is  constant 
throughout  the  range  of  speeds  contemplated.  If  there  b 
no  fluid  friction  this  assumption  is  correct.  The  errors  of 
the  meter  are  given  in  Table  L 

It  will  be  observed  that  with  such  a  meter  the  consumer 
gets  a  discount  of  16  per  cent,  when  he  is  taking  one-tenth 
of  full  load.^ 

The  range  of  a  meter  within  specified  limits  of  error 
forms  the  best  criterion  of  comparison  as  regards  accuracy, 
and  the  author  proposes  to  call  that  part  of  the  total  range 
of  a  meter  in  which  its  error  is  within  certain  limitSi  the 
'*  Standard  Range."  Assuming  the  limit  of  error  is  fixed  at 
5  per  cent. — or^  which  comes  to  the  same  things  plus  or 
minus  2 J  per  cent— the  standard  range  of  the  hypothetical 
meter  is  i  to  3*3  when  the  meter  is  adjusted  to  register 
correctly  at  full  load. 

Correction  for  Friction. 

Clearly  the  simple  uncorrected  motor  meter  requires 
some  modification  before  it  can  be  considered  as  a  practical 
instrument.  It  is  well  known  that  friction  can  be  partially 
corrected  by  means  of  a  starting  coil  in  the  pressure  circuit. 
At  first  sight  this  seems  a  simple  and  sufticient  solution  of 
the  problem.  If  to  the  hypothetical  meter  we  add  a  starting 
coil  whose  driving  moment  on  the  armature  equals  2,  the 
errors  in  Table  I.  disappear.  A  new  error  wdl,  howevefi 
have  crept  in  ;  the  meter  will  almost  invariably  run  when 
the  load  is  zero ;  lessen  the  strength  of  the  starting  coil, 
and  the  meter,  although  not  quite  so  immoral,  will  still 
occasionally  go  on  running  when  the  load  is  off.  The 
author  was  for  a  long  time  completely  baffled  in  hi:^ 
efforts  to  find  an   explanation    of   this   effect^  but   a   ven' 

'  Through  thtj  kiiidrie3$  of  Profeswr  Ayrlon  the  author  has  been  able  i^ 

test  an  actual  melct  lYVAde  lu  the  manner  described.     Us  in;i3timuin  drivittu 

torque  was  ig.ooo  dynt  ^ms.  utvd  \\s  UvcHa^w  i^^  dyne  tznn^,,  the  jeoirjL^ 

being  thereiore  ralher  beUtr  SSxt^xk  to^l  ^W^vt  m'^^X^V.  ^m&^vv\vs  ^at*  dcarlf 

pun:ha3ed  at  the  expendUute  ol  w^\^^^  '^^\^\  v'&^^\Nam^i!wc^.c^'»iL%^^oil 
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simple  cause  was  at  last  discovered,  and  as  others  may  have 
been  puzzled  besides  himself  he  ventures  to  give  the 
explanation  here* 

Every  one  knows  how  enormously  the  friction  of  light 
mechanism  may  be  reduced  by  vibration.  The  reduction  is 
far  too  large  to  be  accounted  for  by  the  vibration  causing 
cohesion  to  vanish*  Now  when  a  meter  is  fixed  in  a  town 
house  it  is  never  entirety  free  from  vibration,  and  the  light 
axle  such  as  is  commonly  employed  in  meters  is  alternating 
between  a  position  in  which  it  is  wholly  or  partially  out  of 
contact  with  its  bearings,  and  one  in  which  it  presses  on 
them  with  more  than  normal  force.  In  one  sense,  of  course 
the  average  value  of  friction  remains  the  same  as  it  would 
be  with  no  vibration,  and,  in  fact,  the  constant  of  a  meter  is 
hardly  altered  appreciably  by  it ;  but  the  fact  that  friction 
is  higher  during  one  half  period  of  the  shaking  and  the 
meter  therefore  at  rest  (the  starting  coil  is  supposed  just  to 
balance  the  average  friction—it  is  ol>viously  insufficient  to 
move  the  armature  while  the  friction  is  above  the  average), 
does  not  prevent  the  starting  coil  from  moving  the  armature 
during  the  half  periods  when  friction  is  less  than  the 
average.  The  author  has  found  that  a  meter  fixed  to  the 
brick  wall  of  the  office  building  at  Woodfield  Works  would 
go  on  running  all  night  when  the  driving  moment  was 
reduced  to  a  very  small  fraction  of  that  required  to  balance 
the  normal  average  friction  ;  and  this  can  only  be  accounted 
for  on  the  assumption  that  during  what  may  be  called  the 
positive  half  periods  of  vibration  the  meter  axle  and  com- 
mutator were  to  all  intents  and  purposes  friction  less. 

If  this  is  the  true  explanation  of  a  w^ell- known  trouble, 

then  it  is  obvious  that  there  will  always  be  a  difficulty  with 

such   meters  when  they  are  fixed  in  buildings  subject  to 

r  vibration. 


ELtMlNATlON   OF   FRICTION. 


i 

^H  Instead  of  regarding  friction  as  unavoidable  and  attempt- 
^kig  to  correct  for  it,  the  author  has  approached  the  problem 
from  another  side  and  endeavoured  to  remove  the  causes  of 
friction  and  so  avoid  the  necessity  for  correction.  These 
causes  are,  as  has  already  been  stated,  (i)  friction  of  axle 
bearings,  (2)  friction  of  brushes  on  ZQVix\X)Xi\'^\s^x  ^  -axv^ 
friction  of  counting  train  and  gear  conwecX^vtv^  \\  ^\*Ccv 


748  EVERSHED;    FHICTIONLESS   MOTOR   METER.     fMaylWi, 

the  motor  axle.  With  an  ordinary  vertical  axle  the  first  is 
nearly  all  due  to  the  bottom  or  step  l^earing,  whtdi  is 
usually  a  rounded  steel  point  resting  in  a  jewel  cup.  In  Ihe 
author's  meter  the  pressure  of  the  axle  on  the  bottom  bear- 
ing is  reduced  to  a  few  grammes  by  magnetically  suspending 
the  axle,  armature,  and  brake.  A  top  bearing  is  entirely 
dispensed  with,  the  axle  being  held  in  position  niagnetically 
— ^"  magnetically  pivotted*" 

The  brush  friction  is  enormously  reduced  by  the  use  of 
a  novel  form  of  commutator  having  elatstic  segments  against 
which  the  edges  of  tvi'O  light  and  freely  pivotted  %vheels  roll 
to  act  as  brushes. 

The  friction  of  the  train  is  entirely  removed  as  a  source 
of  error.  The  train  is  driven  by  a  simple  electro-magnetic 
device  whose  speed  of  working  is  controlled  by  the  speed 
of  the  motorj  although  there  i^  absolutely  no  mechanical 
connection  between  them. 

These  means  have  already  sufficed  to  reduce  the  friction 
from  a  value  l>etween  300  and  400  dyne  cms.  to  less  than 
3  dyne  cms.,  and  there  is  reason  for  believing  that  the  limit 
has  not  yet  been  reached. 

Early  Attempts  at  Magnetic  Suspension, 

The  possibility  of  using  magnetic  force  to  take  the 
weight  of  the  rotary  parts  of  a  motor  meter  off  its  bearings 
has  no  doubt  presented  itself  to  many  minds,  and  probably 
a  good  many  inventors  have  made  experiments  with  that 
object  in  view. 

In  1887  Mr.  Hookham  refers  to  the  subject  in  one  of 
his  meter  patents,  but  he  confines  himself  to  the  statement 
that  *'  the  magnets  may  be  so  disposed  as  to  counteract  ot 
partially  counteract  gravity  and  thereby  lessen  friction/*' 
A  little  later  Mr.  Ferranti  turned  his  attention  to  magnetic 
suspension  in  connection  with  alternate-current  meteri^, 
while  quite  recently  in  America  Mr.  Stanley  has  brought 
out  a  motor  meter  in  which  the  vertical  axle  is  entirely 
suspended  by  means  of  the  attraction  of  iron  discs  fixed 
on  the  axle  and  ring  poles  surrounding  them.  Pivots  at 
the  top  and  at  the  bottom  of  the  axle  are  required  to  keep 
it  and  the  discs  exactly  concentric  with  tlie  ring  poles,  the 
relative  posiUon  ol  llae  ^\^^%  ^"^^  tvu^  ^^\sts  being  one  of 
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iinstible  equilibrium    laterally,  although    perfectly    stable 
axiaiiy. 

The  Author  began  experimenting  with  magnetic  sus- 
pensions a  few  weeks  after  the  publication  of  Professor 
George  Forbe***  paper  an  his  "  windmiir'  meter.  It 
occurred  to  him  (hat  the  Forbes  meter  might  be  made  less 
wasteful  of  power  if  it  were  compounded  much  in  the 
same  way   as  a  steam  turbine^  and   he  proposed  to   make 


FiCf.  L — Magnetic  Sui^pent^itui  applied  h>  Prok-ssor  ForbtJB* 
** Windmill''  Meter. 


the  compound  windmill  as  nearly  friction  less  as  possible 
by  magnetically  suspending  the  axle  and  its  series  of  rings 
of  vanes.  A  meter  was  made  on  this  plan  with  a  bar 
magnet  placed  in  line  with  and  immediately  above  the 
end  of  the  axle,  which  was  pivotted  top  and  bottom  (see 
Fig,  i)  ;  the  arrangement  proved  quite  unworkable  and 
w^as  abandoned.  In  1891  the  Author,  in  contxecVvotv  ^\^^i\ 
Mi\  VignohSf  was  working  at  a  uiolor  mtiVet  ol  ft\^  K^tVokv- 
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Perry  type,  in  which  friction  was  eliminated  by  floatin  the 
armature  in  water  or  oil.  The  armature  was  held  iii  Ihc 
centre  of  the  v^essel  containing  the  liqiitd  by  means  of 
a  little  iron  rod  projecting  axiatly  below  the  armature,  with 
its  end  close  to  the  bottom  of  the  vessel  (Fig*  2).  A  bar 
magnet  was  hxed  underneath  the  vessel,  in  line  with  the 
iron  rod,  and  with  its  upper  pole  as  close  as  possible  to  the 
bottom  of  the  vessel.  The  iron  rod  was  consequently  held 
in  the  magnetic  axis  of  the  bar  magnet p  and  the  axis  of 
rotation  of  the  rotary  sysitem  coincided  with  the  magnetic 
axis.     This  **  magnetic   pivot/'  as   it   was    called,    worked 

admirablVi  but  the 
meter  itself  was  a 
failure,*  Another 
application  of  mag- 
netic suspension  i^^as 
attempted  in  189 1-2 
in  connection  with 
an  early  form  of  the 
Richards  -Ever  shed 
Ships'  Telegraph.  In 
this  apparatus  a  very 
powerful  magnet  is 
required  to  be  freely 
pivotted  and  to  have 
as  little  inertia  as 
possible.  An  in- 
duced magnet  was 
tried,  magnetised  by 
induction  from  an 
electro-magnet.  The  induction  was  led  from  the  fixed  to 
the  movable  magnet  through  the  ends  of  the  axle  as  shown 
in  Fig*  3,  The  arrangement  gave  much  trouble  owing  In 
the  magnetic  attraction  forcing  one  or  other  of  the  pivoi^i 
against  the  end  of  its  bearing.  In  a  modified  form  (sec 
Fig.  4)  the  induction  was  led  into  the  axle  radially,  and 
at  the  same  time  a  little  axial  displacement  was  given  to 
the  enlarged  part  of  the  axle  with  respect  to  the  fixed  riag 


Fig.  2.— Magnetic  Pivot  applied  to  the  Floating 
Armature  of  a  Motor  Meter. 


* 


■  U  is  worth  mentioning  that  the  train  of  this  meter  was  lo  be  dHvt:u  by  i 
DPtJ  with  a  verlical  axU  C\xuA  ow\^ov  ^^^  ^"^  as-mature  and  aHernalaty  Attrjtciirjg 
and  repelling  a  mag,t\cX  ■,  jlv\  \dcwwV\t\v\vA^,A\^t  ^^^v^v^^vS  ^M^^iy  tcji  ^c«if>, 
been  te!»ted  and  proved  lo  ha  eiVCwtVf  i£Nt^c?Cv^atoVi, 
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pole  in  order  to  relieve  the  bottom  bearing  of  the  weight  of 
the  magnet  N  N  and  its  heavy  axk\      This   was  accom- 
plished lo  some  extent,  but  two  new  difficulties  arose;  if 
the  axle  was  not  absolutely  concentric   with  the  hollow 
poles  of  the  fixed  magnet,  there  was  a  lateral  magnetic -pull 
upon   it   causing  the   pivots  to    bear   with    corresponding 
pressure  on  their  bearings, 
so  that  the  elimination  of 
one     friction     had     only 
served    to     introduce 
another  ;   the  other  diffi- 
culty arose  from  want  of 
perfect   mechanical   truth 
in  either  the  axle  or  the 
ring  poles,  or  both*     This 
led  to  the  ring  poles  hav- 
ing   a   directing    moment 
on  the  axle,  and  gave  rise 
to  errors   in    the   indica- 
tions   of    the    Telegraph, 
In  a  sense  these  troubles 
were     due    to    imperfect 
workmanship    and     were 
consequently      avoidable. 
But    anything    requiring 
great    nicety    of    adjust- 
ment   was    quite    out    of 
place    in     the    particular 
apparatus    of    which    the 
movable   magnet    formed 
a   part,    and    after    much 
fruitless  w*ork  all   idea  of 
magnetic  suspensioji  was  given  up,  and  the  whole  magnetic 
circuit  was  made  to  move  as  one  piece. 

In  a  renewed  attempt  to  make  a  frictionless  meter  of  the 
Ayrton-Perry  type,  the  weight  of  the  rotary  part  was  sus- 
pended by  the  attraction  of  a  fixed  solenoid  surrounding 
the  upper  end  of  the  iron  axle  (Fig.  5)*  The  magnetic 
circuit  was  made  as  perfect  as  possible  by  fixing  an  iron 
disc  on  the  axle  just  below  the  coil  and  carrying  an  iron 
tube  up  from  the  disc  so  as  to  partially  f^nclose  \U^  cciA. 
It  was,  however^  not  found  practicable  lo  reduce  ^Ve.^-asXs. 


Fio,  3. — Ma^ettc  Su^tpension,  applied  to 
the  Needle  Axle  of  a  Ship's  Telegraph. 
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of  power  ill  the  solenoid  below  about  five  watts,  :ind 
wa!i  quite  suftictenl  to  put  this  form  of  suspension  •  ' 
court  so  far  as  motor  meters  are  concerned. 


Present  Form  of  Magnetic  Suspension, 

Finally  the  Author  returned  to  the  Jirst  idea  (Fig.  i)  vu 

sitnple  naagneiic  jifilt 
fixed  above  an  irnw 
axle.     Experience 
had  proved  that  oac 
of  !be  worst  Irouhb 
with  all  forms  of  suv* 
pension    was  cxm^i 
Hy  the  magnetic  ax^ 
not  b^ing  absolutdr 
coincident    with  Ihc 
rotational     axis,    the 
latter     being     deter- 
mined by  the  pivots 
H    the    top   pi\*ot  is 
removed,  the  ask  is 
free  to    centre  itscH 
in      a      magnetically 
symmetrical  fashtoii, 
and     it      will      then 
rotate  ai>out  the  nwg* 
netic   axis    (Fig.   6). 
Any  directional  mo- 
ment due  to  the  x\te 
and  suspcndmg  pole 
not      being      perfect 
hgures  of  revolution, 
will   be    enormously 
reduced    by  diminishing  the  diameters  of  axle  and   pole; 
and  with  diameters  not  much  exceeding  5  mms.  the  sup- 
porting  pole  has  no    measurable  directing  influence  upon 
the  axle.    Thus  the  combination  of  the  suspension  shown 
in  Fig,  I  (minus  its  top  pivot)  with  the  magnetic  pivot  of 
Fig,  2  has  resulted  in  a  perfectly  practicable  and  very  simple 
arrangement  for  relieving  a  step  bearing  of  tlie  greater  part 
of  the  weight  of  the  rotating  system. 


Fig*  4. — Modi  filed  h  trni  of  Magnetic  Suspension 
for  a  Ship'?i  Telegraph. 
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To  prevent  the  axle  from  Hccick^ntally  coming  into  con- 
tact with  the  supporting  pole,  a  thin  phUt*  of  non-mag- 
netic metal  (seen  at  c  in  Fig.  6)  is  interposed  between  thenu 
It  is  fixed  immediately  abov*e  the  end  of  the  ;ixle,  leaving 
a  very  small  clear- 
ance. The  support-  *f 
ing  pole  is  adjusted 
until  nearly  the  whole 
of  the  pressure  on 
the  step  bearing  is 
relieved.  If  the  pres- 
sure is  reduced  to 
ero,  a  slight  shake 
will  jerk  the  axle  np 
until  it  rests  against 
the  plate,  where  it 
will  remain,  since 
the  upward  attracting 
force  increases  as  the 
space  between  axle 
.trid  supporting  pole 
diminishes.  It  is 
therefore  necessary  to 
leave  a  few  grammes 
weight  unbalanced 
so  that  there  is  snf- 
ttcient  gravitational 
force  downwards  to 
pull  the  axle  off  the 
end -plate,  should  it 
Iiappen  to  rise  into 
contact  with  it. 


ffniM 


Fin*  S.—Elcctrf^-magnctic  Stspcimun  3i>pla'd 
lo  a  Motor  Meter, 


tssENTiAi*  Points  04  Magnetic  Suspeksiok  of  Meter 

Axles, 

Magnetic  attraction  has  l>een  used  to  partially  support 
the  weight  of  dynamo  armatures  by  tlie  simple  expedient  of 
lK>ring  the  pole  pieces  exceJitrically,  Again,  if  a  dynamo  has  a 
vertical  axle,  the  whole  of  the  pressure  upon  the  step  bearing 
fay  l>e  removed  by  allowing  the  armaturt?  core  to  fall  a 


E 
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Ittile  bdow  the  kevd  of  the  pole  pieces;  but  these  asid 
f»tmikir  ^ipticatiofis  of  magnetisai  to  the  reiief  of  baring 
pn&sure  mu!^  not  be  confcmiKled  with  its  use  as  a  meaos  of 
reducing  the  reststance  lo  fXiCation  of  ^i  meter  axle. 

Our  object  in  tnagneticaUy  suspending  the  axle  of  a 
raoter  meter  is  twofold.  It  is  certainly  an  advantage  to 
reduce  wear  and  tear  of  bearing,  but  primarily  we  desire  to 
improve  the  meter  as  regards  accuracy 
and  waste  of  energVp  and  to  that  end  il 
is  essential  that  there  should  be  a 
reduction  of  ail  the  resistances  to 
rotation  other  than  that  offered  by  the 
brake.  Now,  while  it  is  easy  to  sus- 
pend a  meter  axie  by  some  such 
means  as  those  just  referred  to  as  ap- 
plicable to  dynamos,  a  moment's  con- 
sideration shows  that  in  reducing  the 
friction  of  the  step  bearing  lo  lero,  we 
have  at  the  same  time  introduced  a  new 
source  of  friction,  namelVi  hystere^s 
in  the  iron  core  on  which  the  two  pole 
pieces  ad,  This^  as  is  well  known, 
offers  a  resistance  to  rotation.  Its 
amount  in  any  practical  example  will 
be  found  to  be  enormously  greater 
than  the  frictional  torque  of  the  step 
bearing.  In  a  dynamo  or  motor  the 
hysteresis  torque  is  there  in  any  case, 
whether  we  suspend  the  armature  or 
not^  so  that  the  relief  of  hearing  fric- 
tion by  displacing  the  armature  in 
the  pole  pieces  is  a  clear  gain^  but  in 
the  meter  there  h  no  iron  core  within  the  armature,  and  in 
order  to  suspend  the  axle  in  the  s;ime  way  a  core  must  be 
put  upon  the  axle  for  tliat  purpose,  thus  introducing  a 
resisting  torque  which  did  not  exist  before. 

We  thus  arrive  at  an  essential  principle  for  magnetic 
suspension  of  meter  axles  :  The  indncUoH  density  in  ik 
magueik  devicts  ustd  for  support  must  remain  absolutely  i'cn- 
stani  during  rata f ion  of  the  axle.  This  at  once  disposes  of 
unsym metrical  bipolar  arrangements  ;  nothing  of  the  nature 
*  ^  two  poles  attracting  a  ^\^ce  ol  Xto^i^  ^*^  ^er^^.    To  secure 


a 


Fia.  6.«Pfeaent  form  of 
Magnetic  Suspension 
applied    to    »  Mafcor 
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uniforrn  induction  density  in  the  rotating < 
magnetic  circuit,  the  attracting  pole  must 
revolution  with  its  axis  coincident  with  the  axis 
As  an  example,  the  attracting  pole  migJit 
concentric  with  the  axle  ;  an  iron  disc  fixed  upc 
axle  a  little  below  the  plane  of  the  ring  pole  would  be 
attracted  upwards,  and  if  the  ring  and  disc  could  be  made 
niechanically  true  and  magnetically  homogeneous,  the  induc- 
tion density  would  be  uniform  in  the  disc  and  there  would  be 
no  resistance  to  rotation  due  to  hysteresis.  In  practice  it  is 
exceedingly  difficult  to  ensure  these  conditions.  The  disc 
is  in  unstable  equiHbrium  transversely,  and  as  there  is 
necessarily  a  little  clearance  between  the  axle  pivots  and 
their  bearings,  the  disc  will  always  run  a  little  out  of  centre  ; 
this  at  once  raises  the  density  at  one  part  of  the  annular  air- 
gap  and  lowers  it  on  the  opposite  side,  and  during  rotation 
the  iron  of  the  disc  goes  through  a  minute  magnetic  cycle, 
absorbing  a  corresponding  amount  of  energy*  The  disc  is 
also  pulled  sideways  and  causes  the  pivots  to  press  against 
the  bearings.  These  eflFects  were  very  marked  in  the 
experimental  devices  already  referred  to  (Figs.  3  and  4), 
and  ted  the  author  to  abandon  that  type  of  suspension  for 
the  simple  form  finally  adopted,  namely,  a  cylindrical 
magnetised  rod  fixed  with  its  lower  end  immediately  above 
and  in  line  with  the  cylindrical  iron  axle. 

It  must  not  be  supposed  that  this  is  a  complete  solution 
of  the  problem  ;  but  it  has  proved  itself  to  be  a  thoroughly 
practicable  one,  and  if  the  diameter  of  the  supporting  pole 
and  axle  is  small  enough,  there  appears  to  be  no  trace  of 
hysteresis,  nor  is  any  difficulty  experienced  in  obtaining  the 
requisite  mechanical  truth.  Of  course  the  position  of  the 
axle  is  one  of  unstable  equilibrium  in  a  vertical  direction, 
the  magnetic  attraction  increasing  rapidly  if  the  axle  rises 
towards  the  supporting  pole*  But  if  means  are  adopted  to 
confine  the  possible  travel  of  the  axle  within  narrow  limits, 
it  will  run  with  very  little  pressure  on  the  step  bearing* 


Description  of  Frictidnless  Meter. 

The  essential  working  parts  of  the  author's  meter  are 
shown  in  Fig.  7.    The  armature  A,  brake  d\s\:v  ¥ ,  ^Ti^  Vtiww- 
driv//j^  coils  Dj  D^,  are  mounted  on   a  m\\A  ^\^^\  '^':>X^  ^- 
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The  axle  has  a  hard  steel  point  at  its  lower  end  resting  in  a 
jewel  cup  J  ;  its  upper  end  has  no  mechanical  support^  but 


Fig,  7* — Generai  Arrangemetit  of  Astatic  Fdctiofikss  Met 


Eer, 


is  maiiitHined  \n  po^VtiQu  b^  the  magnetic  attraction  of  aii 
iron  rod  R,  \v1rncV\  \%  ra^g,uefet.^>a^^  "^jt^^Na^T^^  ^e^-a^^tiets  M  M 
through  an  "iron  ^'oVe  \  ?ti^<^  l^^tcia  ^^  ^M.^vak\^w%\f^ 
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The  distance  between  R  and  the  end  of  the  axle  is  adjusted 
by  screwing  R  in  the  yoke  Y  until  the  vertical  force  nearly 
suffices  to  lift  the  whole 
weight  of  the  armature, 
brrike^  and  other  parts 
attached  to  the  axle. 
The  arrangement  is 
more  clearly  seen  in 
Fig.  8,  which  is  a  section 
through  the  magnetic 
pivot*  A  magnetic  pivot 
of  this  type  may  easily 
be  made  to  support  a 
weight  of  from  loo  to 
200  grammes. 

The  commutator  K 
is  placed  beneath  the 
armature,  and  the  wheel 
brushes  b  b  are  pivutted 
in  frames  attached  to 
an  ebonite  plate  E,  The 
CO  m  ni  u  tat  o  r  a  n  d  br  u  sh  es 
are  shown  on  an  en- 
larged scale  in  Fig.  9. 
The  segments  are  fine 
iridio- platinum  wires 
supported  at  one  end 
in  an  ivory  collet  and 
entirely  free  at  the  other 
end,  where  they  im- 
pinge and  roll  on  the 
brush  wheels.  The  com- 
mutator is  about  3  mnis, 
in  diameter  at  the  rol- 
ling circle ;  the  wheels 
are  about  36  mms, 
diameter,  so  that  they 
make  one  revolution  to 
twelve  revolutions  of 
le  commutator. 

The  pressure  current  is  led  ta  the  brush  vs\\eeV%  ftvxcm^ 
their  fnimes,  and  to  ensure  good  contact  bel^weeu  Iticca^  'a.vA 


Fig,  B.— Axial  Section  s^howing  Details  of 
Magnetic   Suspefision  in  a  Fnctionk^s 
MeH;r. 
ill.    Brake  ma^'nc t ;  V  Itoji  yiik^  bclwcpii  the  brake 

/?,    ItQ0.  rod  formillfi  supporting  pwfc  *V. 

d.  Iroa  axle  havjjig  upper  rnd  S  bcnesith  pale  X^ 

e,  End-jilsilc  (non'magnctk). 

g.    Giuinl  ting  lo  prevent  aHlc  from  fvintl  cll»plAC«d. 

T.    Brake  dish. 

if.    Step  bearing  wiUi  Jewel  cup  J. 

£.    Azk:  beajing  frame. 
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wheel  the  step  bearing  of  each  wheel  is  an  iridtoplatinufti 
pivot  resting  on  a  flat  plate  of  the  same  metal, 

A  drum-winding  is  used  for  the  armature,  a  break  l>eing 
made,  in  the  ordinary  course  of  winding,  in  each  parallel|ifi 
order  to  insert  the  two  little  coib  Di  Da.  Thus  Di  is  in 
series  with  one  of  the  two  parallels  of  the  drum-winding, 
and  Da  in  series  with  the  other;  they  are  consequently 
each  traversed  by  one  half  of  the  w^hole  armature  current, 
and  since  they  are,  electrically,  a  part  of  the  armature- 
circuit,   tile   current   iji   them    is  reversed   twice    in   each 


Fiu.  g.-- Elastic  Coimnutalor. 

a,  visflt     r,  li\\ni\3tihi^  ttjllct ;  u'lr,  Iridm-nlalmimi  wirps  fniniin^  ci.%min«tatur  s-cgmcnb, 
b,  Bnisb  wherlj  ;  Pf.  Iridio-platmuTii  pivois  ;  /  /,  Iridlo-plalinuin  bearing  pl;ilc». 

revolution  of  the  axle*  Dj  and  D3  are  inserted  at  corre- 
sponding points  of  the  drum-winding,  so  that  their  currents* 
reverse  at  the  same  instant,  and  they  are  coupled  up  so 
that  the  two  currents  fiow  in  the  same  direction  and  to 
all  intents  and  purposes  Dj  and  Da  behave  like  one  coil- 

Fig,  10  shows  the  connections  of  the  train-driving  coib 
in  diagrammatic  form,  a  Gramme  winding  being  subslitiiled 
for  the  drum  for  the  sake  of  clearness* 

Surrounding  the  train  coils  Dj  and  D3,  but,  not  tuuchinj; 
them,  is  a  ring  ol  ^o\l  \tQu  V  {¥\g,  7),  forming  part  of  an 
iron  lever  L,  movwVetX  ow  ^t\  \\<5\ vlj^wNs^  ^jsA^^,  L  is  mag* 
nelibed  by  inducWou  Uom  o\\^  ^l  v\\^  \:t\,:^^  icaac^id.^m 
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iron  bar  G  serving  to  complete  the  magnetic  circuit  between 
S  and  fh    The  induction  leaves  the  ring  pole  P  and  passes 

radially  through  the  train  coils  into  the  axle^  aiui  P  con- 
sequently experiences  a  vertical  force  alternately  upwards 
and  downwards  as  the  currents  in  the  train  coils  periodically 
reverse.  The  result  is  that  L  oscillates  on  its  axis,  making 
a  double  stroke  or  complete  cycle  once  in  every  revohition 
of  the  armature.  The  motion  of  the  lever  is  limited  by 
stops,  and  is  communicated  by  mean*^  of  a  pawl  to  a  ratchet 
wheel  W,  which  is  attached  to 
the  first  axle  of  the  counting- 
train  T* 

It  wnll  be  seen  at  once  that 
this  device  opposes  no  retarding 
moment  on  the  armature  axle. 
The  only  mechanical  force  called 
into  play  is  in  a  vertical  direc- 
tion and  has  no  component 
tending  to  turn  the  axle.  The 
train  coils  and  magnetised  lever 
form  a  reciprocating  electric 
motor,  and  J  during  the  time  tlie 
ring  pole  is  moving  up  (or  down) 
there  is  a  back  E.M.F.  in  the  train 
coils,  and  the  product  of  this  back 
E.M,F,  into  the  armature  current 
and  the  time  gives  the  consump- 
tion of  electrical  energy  per  stroke. 
It  is,  of  course,  equal  to  the 
mechanical  work  done — product 
of  force  on  P  into  length  of 
stroke.  The  force  actually  pro- 
vided is  far  greater  than  that  necessary  to  drive  the  train. 
The  friction  of  an  ordinary  train  is  just  overcome  by  a 
turning  moment  of  about  4  dyne  cms*  applied  to  the  worm 
or  pinion  commonly  used  on  a  meter  axle  to  gear  into  the 
first  wheel  of  the  train;  6  dyne  cms.  will  generally  keep  a 
train  running  at  a  speed  a  good  deal  higher  than  any- 
thing save  a  short  circuit  can  produce.  The  Author  has 
tested  many  trains  taken  out  of  different  electric  meters, 
and  curiously  enough  they  differ  veT>f  \\U\e  ?ls  tt^t^"^ 
friction. 


Fit;*  10.  —  Diagram  of  Connec- 
tlanit  belwtfcf*  AnTiature  and 
Train  Coils. 


fffiit$^  fmt  won 

PfiWy  Of  COMIC  2w 

'miAnmi  i -o  cm^  to  Out  tfie  loree  airao  it  onkI  be  Jt  ka^ 
^^jfi  AfotM*  The  force  actmliy  ijiiUincJ  g  aboat  750 
<lfne»«  uracil  leares  an  mapte  naar^n  fiir  accidrolal  frictjon* 


Via,  n,-^Ti;im  Cuils  autl  Lcvci  for  Ahcrnate  Currents, 


It  18  ftisuiiied  tliat  the  lever  does  no  useful  work  on  its 
rtUiin  strnkc- 

A  luinibor  of  different  forms  of  this  train  drivxT  hsLXX 
been  tlesii^iicd,  and  sevcml  of  Iheni  have  been  tested  in 
actual  work*  Fi^^*  1 1  shows  a  modification  characterised  by 
IhcHiime  fuiuiamcntal  principlcp  namely,  a  coil  producing  ao 
alternately  upward  and  downw^ard  force  upon  the  free  end 
of  a  lever.  In  thi^  modi fiaU ion  the  t%vo  train  coib  Di  aiid  Di 
iire  ccHipled  hack  io  Viac\ii^^^  \\y.\V  Wvc^^  ^^oduce  a  consequent 
Juk  I IV   the   s^^c  WV\^^^\^  V\\t.v\\,  ^w^  SJcv^  mo^x^S^,  <M 
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attached  to  the  end  of  the  lever  is  alternately  forced  up  and 
down.  This  coil  forms  part  of  the  series  resistance  in  the 
armature  circuit,  and  carries  the  whole  of  the  pressure 
current.  Fig.  ii  is  intended  for  alternate-current  meters, 
where  a  permanently  magnetised  lever  would,  of  course,  be 
useless. 

There  are  other  features  in  the  design  of  the  meter  which 
will  be  of  interest  to  station  engineers,  but  which  are  hardly 
of  sufficient  general  inturest  to  warrant  such  a  detailed 
description  as  has  been  given  of  the  means  adopted  to  reduce 
friction.  The  whole  of  the  working  parts  of  the  meter,  with 
the  exception  of  the  main  current  coils,  are  attached  to  a 
light  framework,  which  is  bolted  to  the  top  of  the  casting 
which  forms  the  back,  top,  and  bottom  of  the  meter  case. 
The  other  three  sides  of  the  case  are  formed  by  a  bent  sheet 
of  dnc, "which  is  screwed  and  sealed  to  the  casting.  The 
terminals  project  below  the  bottom  and  are  covered  by  an 
insulating  box,  which  may  be  sealed  after  connecting  up  on 
the  consumers'  premises.  The  Foucault  brake  is  in  the  form 
of  a  shallow  dish,  and  the  two  brake  magnets  are  fixed  in 
positions  which  make  it  impossible  for  any  excess  of  current 
in  the  main  coils  to  demagnetise  them.  Their  stray  field 
is  at  right  angles  to  that  of  the  main  coils. 

Range  of  Frictionless  Meter. 

A  meter  in  which  frictional  resistance  is  so  small  as  3  dyne 
cms.  Will  obviously  have  an  unusually  long  range,  even  if 
nothing  be  done  to  correct  the  small  remaining  friction  error. 
If  the  same  limits  are  imposed  as  were  assumed  in  making 
up  Table  K,  namely,  about  i  volt  drop  in  the  main  coils 
and  3  watts  wasted  in  the  pressure  circuit,  the  meter  may 
be  wound  to  give  a  maximum  driving  torque  of  15,000  dyne 
cms.  The  friction  is  then  only  0*02  per  cent,  of  the  full- 
load  torque.  The  resulting  range  and  uncorrected  errors 
are  set  out  in  Table  11. 

It  will  be  seen  that  the  Standard  Range  of  this  uncorrected 
meter  is  i  to  i^o.  The  range  may  be  greatly  extended  by 
introducing  a  device  to  compensate  for  friction,  and  the  very 
long  range  of  such  compensated  meters  may  be  useful  in 
special  cases. 

The  Authur  believes,  however,  thai  \l  adviSLuVai^^  \%  V^^^ 
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of  the  enormous  reduction  in  frictiDn  to  uuprove  tlie  meter 
in  other  ways^  even  at  a  sacrifice  of  some  part  of  the  long 
ranije,  a  more  generally  serviceable  instrument  will  he 
liecnred.  An  examination  of  the  available  statistics '  with 
regard  to  numbers  of  consumers  and  the  lamps  (or  equiv;ilent 
load)  connected  to  the  mains  of  the  supply  undertakings  of 
this  country,  shows  that  on  an  average  about  fifty  8-c.p. 
lamps  or  their  equivalent  are  wired  per  consumer.  If  we 
assume  these  to  be  40-watt  lamps^  the  maximum  load  of  the 
tiverage  consumer  will  be  about  2,000  watts  and  his  minimum 
about  40  watts.  Now,  although  the  maximum  demand  of 
the  consumer  will  not  much  exceed  half  this  amount  (the 
** maximum  demand  *'  for  nine  of  the  largest  undertakings 
in  London  is  46  per  cent,  of  the  total  load  connected),  the 
meter  installed  may  be  assumed  to  be  wound  tor  2,000  watts, 
so  that,  if  the  meter  is  to  register  correctly  at  the  smallest  load, 
its  range  must  at  least  be  i  to  50,  It  is^  of  course,  quite 
probable  that  within  a  few  years  consumers  will  be  using 
lamps  taking  far  less  power,  but  there  is  no  reason  to  beheve 
that  the  ratio  of  smallest  load  to  maximum  load  will  be 
much,  if  at  all,  affected  by  the  ijitroduction  of  more 
economical  lamps*  The  Standard  Range  may  then  be 
reduced  to  i  to  50,  but  any  further  decrease  will  be  at 
the  expense  of  revenue* 

A  reduction  of  range  enables  us  largely  to  reduce  the 
power  wasted  in  the  armature  circuit,  but  a  limit  to  this 
reduction  is  imposed  by  the  fineness  of  the  wire  it  is  possible 
to  employ  upon  the  armature  and  in  the  series  resistanoe* 
On  this  account  it  is  at  present  not  advisable  to  reduce  the 
pressure  current  below  o'oi  amperes,  and  this  \^hie  has 
therefore  been  adopted  for  all  voltages.  The  waste  of  power 
in  the  armature  circuit  is  then  1  watt  for  100  volts,  2  watts 
for  200  volts,  and  so  on. 

The  voltage  drop  in  the  main  coils  may  be  left  at  t  volt, 
this  being  only  one-half  per  cent,  on  the  200-volt  supply 
which  is  now  being  rapidly  adopted.  An  additional  iin* 
provement  in  accuracy  has  been  secured  by  making  the 
meter  astatic,  so  that  it  is  not  affected  by  external  magnetic 
forces. 


■  The  aulhor  ha^  Ina.^^e  Mi.^  ^\  v\v<t  ^cft\Vtvl^\\'iV^^ft&^^*iMv^ie.^\si|  u^fttmi^. 
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Astatic  Meter, 

The  astatic  meter  has  its  armature  divided  into  two  equal 
portions,  placed  one  above  the  other,  on  the  axle,  as  shown 
in  Fig.  7,  These  two  partSj  although  physically  separated, 
form  one  complete  drum-winding  connected  to  a  single 
commutator.  Following  the  process  of  winding  a  drum, 
the  first  coil  will  be  wound  on  the  lower  spider  ;  the  second 
will  be  wound  on  the  upper  spider  in  exactly  the  same 
position  as  regards  azJmuth  as  it  would  ordinarily  occupy 
if  wound  on  the  lower  armature,  but  it  is  wound  in  the 
opposite  sense.  The  third  coil  is  on  the  lower  spider ;  the 
fourth  on  the  upper  and  reversed  in  sense.  Thus  numbering 
the  coils  in  succession,  all  the  odd  numbers  will  be  found 
on  the  lower  half  armature  and  all  the  even  numbers  will 
be  found  on  the  upper  half* 

Each  halt  armature  is  snrrounded  liy  its  own  pair  of 
main-current  coils,  the  two  pairs  being  coupled  so  that  the 
current  flows  in  them  in  opposite  senses,  their  magnetic 
fields  being  in  opposite  directions.  This  reversed  coupling 
is^  of  course,  necessary  to  drive  both  parts  of  the  armature 
the  same  way,  but  it  has  the  incidental  advantage  that  it 
gready  reduces  the  stray  field  of  the  main  coils,  and  so 
renders  the  brake  magnets  doubly  secure  against  excessive 
currents. 

The  advantage  of  an  astatic  armature  is,  however^  only 
gained  at  the  cost  of  a  reduction  in  driving  torque,  for  a 
little  consideration  will  show  that  when  a  non-astatic  drum 
armature  is  converted  to  the  astatic  form  shown  in  Fig.  7, 
and  one  half  of  the  copper  on  the  main  coils  is  taken  off  and 
made  up  into  a  second  pair  of  coils,  so  that  each  of  the  two 
parts  of  the  armatures  may  be  driven,  the  field  in  which  the 
armature  rotates  is  halved  although  the  number  of  turns  on 
the  armature  itself  remains  the  same  as  before.  Probably 
very  few  consnmers  possess  the  requisite  combination  of 
knowledge  and  knavery  to  enable  them  to  attempt  a  reduc- 
tion of  their  electric  light  bill  by  the  use  of  a  strong  magnet 
placed  near  the  meter,  but  meters  are  always  liable  to  be 
fixed  in  positions  where  stray  fields  exist,  and  the  author 
is  inclined  to  believe  that  the  astatic  armature  will  prove 
^to  be  a  clear  gain. 

To  sum  up — the  astatic  meter  Is  ^ouwOt  Vo  ^ve.  -a.  ^^vsvxv% 
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torque  of  about  2,000  dyne  cms,  at  full  load  ;  the  current  in 
the  armature  circuit  being  10  milliaiiiperes  and  the  drop  in 
the  main  coils  i  volt.  The  frictionaJ  resistAnce  is  abotit 
2  dyne  cms-  when  the  meter  is  new,  and  the  tests  to  be 
presently  referred  to  show  that  a  (riclionless  meter  will  run 
for  many  million  revolutions  before  any  serious  increase  in 
friction  takes  place. 

Compensation  ^-ok  Remaining  Friction* 

The  initial  value  of  friction  is  compensated  for  by  means 
of  a  little  strip  of  sheet  iron  placed  within  the  held  of  the 
main  coilsp  When  once  magnetised  by  the  main  current 
the  coercive  force  of  the  iron  is  sufficient  to  provide  the  very 
small  driving  moment  required  to  overcome  friction.  As 
has  already  been  pointed  out,  compensation  for  friction  will 
cause  a  meter  to  run  at  no  load  if  it  is  subjected  to  vibra- 
tion  ;  but  when  friction  is  only  a  very  minute  fraction  of  the 
maximum  driving  torque,  the  over-registration  of  a  corrected 
meter  would  be  quite  negligible  even  if  it  could  occur,  but 
as  a  matter  of  fact  the  elastic  commutator  has  a  directing 
moment  upon  the  axle  which  prevents  the  meter  from 
running  until  the  driving  torque  is  two  or  three  times  as 
great  as  the  moment  of  friction.  Hence  it  is  impossible  for 
the  compensator  to  start  the  meter  or  to  keep  it  running. 
The  corrected  meter  starts  with  from  i /500th  to  i /300th  of 
full  loadj  and  has  a  standard  range  of  about  1  to  200. 

The  range  and  accuracy  of  a  corrected  meter  are  well 
exemplified  by  the  two  curves  given  in  Fig,  12,  which 
show  the  variation  in  tlie  constants  of  two  meters  having 
a  ratio  of  about  i  to  1,250  between  friction  and  fuIUload 
torque.  This  happens  to  be  approximately  the  same  ratio 
as  that  it  is  proposed  to  adopt  as  a  reasonable  compro- 
mise between  the  conflicting  elements  of  accuracy  and 
waste  of  powerj  so  that  although  these  meters  have  a 
much  larger  frictional  resistance  than  is  now  obtained^ 
y^t  as  regards  accuracy  and  range  they  are  very  nearly 
idejUicat  with  the  astatic  meter.  The  latter  has  much 
less  driving  torque,  but  its  frictional  resistance  is  smaller 
by  a  corresponding  amount. 

The  larger  tiicUou  \u  Meters  Nos»  3  and  4  arises  from 
t/ie  fact  that  they  weie  \a^4e  \^W^  "^^  -^^cs^Vxiaw  of  the 
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m  ^ort  of 
roood  iSbt  jadCp  Tlie  ilunglgr  o#  A^  cooi- 
KMil  ^''-  Fio^  wine  braslies  are^  ased,  pness^ 
ing  vcfy  ligfitljr  upon  tiie  coniimiUlor,  Tbe  bicHoaai 
fCMtano^  to  Mclcr  So*  3  k  79  djne  cms^  and  tbe 
drttiog  torque  al  hdl  load  is  io/>oo  ifyne  cans.  The  corrc^ 
•ponding  qtiantities  in  Meier  NOp  4  are  appnmmately  tbe 
wsmm,  but  tbef  were  not  accuraldy  mcasaiecL  These 
meier%  are  corrected  bf  a  thin  sted  rod  hating  the 
neccTMary  coerciire  force,  and^  as  will  be  seen  on  refer- 
ence to  the  curve?*,  they  are  both  sitghtJy  under-corrected, 
Tbe  iSoarcl  o(  Trade  lirnils*  itrep  however,  nowhere  exceeded 
throughout  the  whole  range  from  o  to  >ooo  watts.* 


Testc  for  ExorRANCE, 

There  would  be  little  advantage  in  any  reduction  ol 
friction  which  was  either  not  permanent  or  obtained  at 
the  cost  of  great  delicacy  of  adjustment^  and  therefore 
Uablc  to  increase  whenever  the  adjustment  was  accident- 
ally disturbed.  Prolonged  trial  in  actual  semce  is,  of 
course,  the  only  conclusive  test  of  the  trustworthiness  of 
any  novel  apparatus,  but  the  tests  to  which  the  friction- 
lesiii  meter  is  being  subjected  show  already  that  the 
mechantsm  has  a  remarkable  power  of  endurance*  Two 
tntiters  had  bet!n  made  in  1898,  and  after  many  trials 
witli  diiierent  forms  of  commutator  and  train  driving 
apparatus  i^i  the  course  of  which  No.  I  meter  had  made 
between  three  and  four  million  revolutions,  tlie  elastic 
cunnnutator  was  fitted  to  this  meteor,  and  after  prelimi- 
nary teiitH  for  friction  it  ^*as  put  on  to  a  too* volt 
circuit  on  the  25th  of  May,  1899,  and  driven  at  80 
revututiouii  per  minute  by  means  of  permanent  magnetic 
placed   near  the  armature,  this   method  of   driving  beinU 

*  Mt'tcT*  Niw.  5  antt  4  .ivc  in  usl*  In  the  meter  testing  drpurtmcnt  of  Urn 
M;iiiLhcfhtcr  CuiptM.itUMi  ;iH  ^Undard^  fur  chcckiftg  the  aoranicy  of  tAhcf 
inrUt^  jntrntird  fm  lanmit'tvbl  purpviscs  and  the  author  is  indeNotl  to 
Ml.  \V(*itllnj^hain  ttn  \m  pt:tj}n^blo\\  hi  make  ti'^^  i*f  the  curve*  wh^di 
iK'iiHUpanii^il  Ihc  lUv.«d  K\l  Trade  cLTriticatc  He  dei^tre^-  aIso  to  Uiatik 
Mr.  Rcnnk\  wl\o  vcrx  Um^\\*  ^ww'^VciSi  ix  c^v'S  ^^^  '^*^«=  *c*l*  m^idc  ai  the 
llttanl  oi  Trade  l-aboHl^t^/ 
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adopted  in  order  to  avoid  waste  of  current  in  the  main 
coils.  This  meter  has  been  running  continuously  since 
that  date,  with  the  exception  of  the  few  hours  occupied 
in  making  friction  tests*  The  tests  made  up  to  the  date 
of  writing  are  given  in  Table  III.  The  revolutions  are 
reckoned  from  Ihe  day  when  the  test  began,  and  give  the 
total  made  by  the  commutator  correctly  ;  but,  as  already 
mentioned,  the  meter  had  previously  run  for  over  three 
million  revolutions,  so  that  the  step  bearing  has  been 
subjected  to  so  much  more  wear  and  tear.  The  standard 
pressure  current  is  lo  milUamperes,  but  for  the  purpose 
of  this  test  it  was  raised  to  i8'2  milliamperes  in  order  to 
make  the  energy  running  down  in  sparks  upon  ihe  com- 
mutator when  the  train  coils  are  reversed  the  same  as  it 
is  with  the  standard  size  of  train  coil — No.  i  being  fitted 
with  a  smaller  train  coil.  This  increase  of  current  in- 
creases the  sparking  on  all  the  sections,  so  that  the  total 
energy  tending  to  destroy  the  commutator  is  far  greater 
than  it  is  with  a  standard  train  coiL  During  the  first 
few  weeks  some  sparking  was  visible,  but  this  has  gradu- 
ally diminished  until  at  the  present  time  sparks  are  only 
seen  occasionally.  There  is  nu  apparent  wear  either  on 
the  commutator  w4res  or  on  the  brush  wheels.  Platinum 
in  the  form  of  black  powder  clings  to  ihe  inside  of  the 
wires,  and  has  also  settled  in  a  ring  round  the  axle  inside 
the  commutator ;  otherwise  there  is  no  visible  change. 
It  is  possible  that  the  presence  of  the  powder  accounts 
for  the  diminution  of  sparking;  the  energy  may  be  absorbed 
in  heating  up  the  powder,  which  quite  possibly  acts  as  a 
variable  resistance,  and  so  ensures  a  gradual  reduction  of 
the  current  to  zero  instead  of  a  sudden  interruption  and 
consequent  spark.  On  the  other  hand  the  commutator 
may  still  be  sparking  as  at  first,  and  the  powder  may  simply 
prevent  the  sparks  from  being  seen. 

As  soon  as  it  was  seen  that  the  elastic  commutator  was  a 
step  in  the  right  direction.  No.  2  meter  w^as  similarly  fitted, 
but  with  a  commutator  having  much  finer  wires — about 
4  mils,  diameter — and  w^ith  brass  brush  wheels  lightly  gilt 
upon  their  edges.  After  long  tests  with  different  pivots, 
during  which  time  the  elastic  commutator  made  three 
and  a  half  milhon  revolutions,  No*  2  m^let  ^^^  ^m^  ^^ 
to  Uw  loO'Volt   circuit   on   October  iilVv,  ift^yj, v\xv^  \V\va2^ 
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been  running  at  about  57  revolutions  per  minute  day 
and  night  since  that  date.  Periodical  friction  testi*  have 
been  made^  and  the  results  are  given  in  Table  IV.  No>  2 
meter  is  fitted  with  a  standard  train  coil  and  the  pressure 
current  was  therefore  fixed  at  the  normal  value^namel>%  10 
milliamperes.  No  appreciable  wear  is  visible  on  the  com- 
mutator  wires,  but  a  curious  change  has  gradually  become 
apparent  in  the  brush  wheels.  Where  they  roil  in  contact 
with  the  iridio-platinum  wires  their  edges  have  acquired  a 
smooth  deposit  of  platinum,  and  under  a  magnifying  glass 
they  have  the  characteristic  appearance  of  a  surface  which 
has  been  platinised  by  the  ordinary  electro-chemical  process. 

During  these  tests  no  adjustments  or  alterations  of  any 
kind  have  been  made  in  the  meters,  nor  have  any  pre* 
cautions  been  taken  to  keep  dust  and  dirt  aw^y  from 
them.  They  are  running  in  a  dirty  workshop  with  loose 
covers  over  them,  and  the  slowly  increasing  friction 
noticed  with  No*  2  meter  is  probably  due  to  the  col- 
lection of  dust — wiiich  is  very  visible — within  the  step 
bearing  and  in  the  brush- wheel  bearings.  The  normal 
speed  at  full  load  has  been  fixed  at  50  revolutions  per 
minute,  so  that  No.  2  meter  is  running  14  per  cent,  and 
No*  I  meter  60  per  cent,  above  full  speed* 

If  we  assume  the  average  consumer  to  use  the  equivalent 
of  1*8  hours  at  full  load  each  day,  his  meter  will  at  the  above 
speed  (50  revs,  per  minute)  make  2,000,000  revolutions  per 
annum*  No,  2  meter  has  therefore  been  subjected  to  wear 
and  tear  corresponding  to  five  years'  service,  while  No.  1 
meter  has  run  for  a  period  corresponding  to  about  14  year*. 
These  figures  are  mentioned  in  order  to  enable  the  value  of 
the  tests  to  be  estimated  with  some  sense  of  proportion; 
they  are  not  adduced  as  in  any  way  a  substitute  for  the 
test  of  hard  work  under  all  the  varying  conditions  neces- 
sarily imposed  upon  supply  meters  in   every-day  use. 

PossiBiL[Ty  OF  Further  Reductions  in  Frictiok, 

The  results  so  far  obtained  and  an  examination  of  the 
causes  of  the  remaining  friction  afford  some  ground  for 
believing  thai  i\s  VraiUw^  value  has  not  yet  been  reached* 
The  calculated  vaW^  ol  ^^^  \o\2^  Vtv^Lvi^A  \^\^tance  in 
Meter  No.   2   (.see    ApT^cwdv^^  \%  v^  \^^^.  ^\^%.,  v\\»^^ 
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attributable  to  the  step  bearing  and  0*5  to  the  brush- 
wheel  bearings*  It  is  quite  possible  to  use  aluminium 
wheels  and  so  reduce  the  pressure  on  their  i;tep  bearings 
to  about  one*half  of  the  present  amount,  reducing  this 
part  of  the  friction  to  o'l^*  The  pressure  of  the  steel 
point  upon  the  jewel  of  the  armature  axle  bearing  can 
be  reduced  by  coupling  the  train  coils  back  to  back, 
as  in  Fig.  11,  so  as  to  eliminate  the  effect  they  now  have 
in  alternately  increasing  and  diminishing  the  induction 
Ihrough  the  axle  and  supporting  pole.  If  at  the  same 
time  some  means  can  be  found  to  prevent  the  axle  from 
accidentally  rising  from  the  step  bearing,  the  only  abt>o- 
lutely  unavoidable  pressure  downwards  will  be  about  i 
gramme,  an  amount  which  is,  of  course,  necessary  to 
[>revent  the  mutual  force  between  the  train  lever  and  the 
train  coils  from  lifting  the  axle.  To  err  on  the  safe  side, 
we  may  assume  that  it  is  possible  to  reduce  the  pressure 
from  12  grms,  to  about  2  grms»,  the  corresponding  re- 
duction in  friction  being  from  I'l  to  about  0^2  dyne  cms. 
Hence  it  seems  not  impossible  to  reduce  the  1*6  dyne  cms, 
of  total  calculated  friction  to  0*45,  or  say  0*5  dyne  cms,,  a 
reduction  of  ri*  This  should  be  subtracted  from  the 
lowest  observed  value  of  the  f fictional  resistance  in  No. 
2  meter,  and  would  bring  the  initial  friction  in  a  new 
leter  down  to  about  i  dyne  cm. 

Again,  the  moment  of  frictional  resistance  per  gramme 
weight  upon  the  step  bearing  depends  on  the  acuteness 
of  the  steel  point  resting  upon  the  cup  jewel*  In  the 
meters  hitherto  tested  no  attempt  has  been  made  to 
secure  a  fine  steel  point*  The  point  having  been  ground 
to  an  angle  of  about  30  degrees,  is  rounded  off  at  the 
tip  until  it  forms  a  hemispherical  end  of  from  5  to  7 
mils,  radius.  This  rests  in  a  sapphire  cup  of  from  20 
to  40  mils*  radius,  and  although  two  spherical  surfaces  of 
different  radius  ought  to  touch  in  a  point  quite  inde- 
pendently of  the  ratio  of  their  radii,  it  is  obvious  that  in 
practice  we  must  look  upon  our  spherical  steel  point  as 
one  with  a  rough  surface  making  contact  with  the  jewel 
in  a  number  of  points  distributed  over  a  very  small  and 
approximately  circular  area,  the  diameter  of  which  will 
depend  on  the  ratio  of  the  radii  ol  )evjid  ?tu4.  ^ovriN.,  ^^^ 
the  smoothness   of  the  two   svniaces.    ^q^  "a-^  ^^ 
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formula  for  point  friction  indicates  (see  Appendix),  the 
moment  of  friction  is  proportional  to  the  diameter  of 
contact^  so  that  we  may  expect  a  decrease  in  moment  if 
we  diminish  the  radius  of  the  spherical  point — an  expec- 
tation which  iS|  of  course,  borne  out  by  the  result  of  every- 
day experience*  Whether  the  reduction  so  brought  about 
will  be  permanent  depends  on  how  far  the  gradual  bur- 
nishing of  the  steel  by  the  jewel  is  affected  by  the  pressure 
per  unit  of  contact  surface,  and  on  the  effect  of  the  bur- 
nishing itself  upon  the  co-efficient  of  friction.  No  data 
drawn  from  engineering  experience  are  likely  to  afford 
any  clue  to  the  answer  to  these  questions,  and  no  mejtns 
have  hitherto  existed  for  obtaining  a  direct  answer  by 
experiment.  The  Author  is  now  investigating  the  beha\- 
iour  of  different  kinds  of  step  bearings  for  use  in  meters 
with  a  view  to  the  determination  of  the  type  having  the 
greatest  power  of  endurance. 

Engineers  accustomed  to  dealing  with  power  in  kilowatts 
and  friction  measured  by  hot  bearings  will  be  inclined  to 
regard  all  such  discussion  of  apparently  insignificant 
details  as  so  much  industry  wasted  in  the  splitting  of 
hairs.  It  will  however,  be  agreed  that  we  cannot  be 
said  to  have  solved  the  problem  of  metering  electric 
energy  until  meters  possessing  an  adequate  range  and 
accuracy  can  be  so  constructed  that  they  may  be  relied 
upon  for  many  years*  service  without  need  of  adjustment 
or  repair. 

In  this  matter  we  may   learn   something  from  the   gas 
meter,  of  which — in  spite  of  much  unmerited  and  ignorant 
abuse — it  may  safely  be  said  that  while  in  point  of  accuracy 
it    compares   not   unfavourably   with    the  average    electric 
meter,   in    other    respects   it   is    far   in    advance    of    any 
electric   meter   at   present   in  use.     The  value  of  gas  to  a 
consumer   depends    upon    its    calorific    and    illuminating 
powers,  and   only  in  a   minor   degree    upon  its  pressure. 
Hence    the    gas   meter    may,    and    does,    absorb   a   large 
fraction   of  the  available    pressure    without   much   disad- 
vantage  to  the  user,  and  its  remarkable  power  of  endur- 
ance has  been  brought  about  by  the  use  of  a  motor  capable 
'  of  doing  a  far  Wg^t  amount  of  work  than  is  required  tu 
overcome   friction,   ev^tv  \n\i^\\  fe^  m^O^^\\\^m  is    much 
worn   by  use,      -^  pto\>et\^  ma^^  ^^^  xs«!vs.x  \ss:k^  \!fc\^ 
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stalled  upon  the  consumer's  premises  and  remain  there 
in  constant  use  without  adjustment  or  repair  of  any  kind 
for  from  ten  to  fifteen  years  before  the  motor  is  sufB- 
cicuHy  worn  to  cause  a  serious  error.  With  an  electric 
supply^  on  the  other  hand,  energy  is  what  the  consumer 
wants  and  what  he  pays  for,  and  for  lighting  purpose*? 
lie  must  have  the  energy  supplied  at  constant  presbiure  ; 
hence  the  electric  meter  cannot  be  allowed  to  absorb  more 
than  a  very  small  fraction  of  the  energy  and  pressure  of 
supply.  The  mechanical  powder  of  the  electric  meter  being 
therefore  limited  by  the  conditions  of  supply,  it  is  only  by 
diminishing  friction  and  wear  and  tear  that  we  can  hope 
to  attain  and  maintain  the  required  accuracy  throughout 
many  years  of  service.  From  this  point  of  view  it  is  clearly 
of  the  greatest  importance  that  every  cause  of  mechanical 
friction  should  be  ascertained  and  as  far  as  possible  removed. 
It  was  with  this  conviction  that  the  Author^  quite  in  the 
early  days  of  public  electric  supply,  set  about  devising  means 
for  diminishing  meter  friction,  and  the  outcome  of  a  good 
many  years  of  experimental  work  is  the  meter  described  in 
this  paper.  It  is  not  claimed  for  it  that  it  is  in  all  respects 
the  ideal  of  what  a  meter  should  be,  but  the  Author  hopes 
it  may  be  regarded  as  a  step  in  the  right  direction, 

Note. — The  Author  desires  to  acknowledge  his  indebted- 
ness to  Mr.  Cox,  who  has  the  charge  of  the  Experimental 
Department  at  Wood  field  Works,  During  three  years 
continuous  work  upon  the  meter  Mr.  Cox's  fertihty  of 
resource  and  inexhaustible  patience  have  surmounted  many 
diBiculties  and  led  to  numerous  improvements. 


APPENDIX. 

CALCOLATION   OF  ARMATURE  TORQUE,  BIUKE  TORQUE, 
AND   FRICTION AL   RESISTANCE. 

I.  Armature  Torque, 

In  designing  an  Ayrton-Perry  motor  meter  the  driving  torque  may 
be  calculated  from  the  tormula — 

,      H  a  N  C 

tf=  ^, 

ft 

which  gives  the  torque  if  in  terms  of  H  Ibc  fteld  ol  l\\fi  tcmrt  c\\tvvL\x\ 
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Tfierr  ane^  of  eonne^  larioaa  icifads-  fa-  armuig  ml  an  csact  vifa 
Ibr  H,  fal  «»  tfaf  tfliofa  applkalfaB  <tf  spfacfical  larasoiiics  tbejr 
are  br  too  cwiibaiMttc  fa-  praetiQl  aie  in  diG^p. 

Wliea  the  meter  is  otadic,  i£»  dmiii^  torqoe  is  easily  mcasnrcd  by 
pismg  a  fae  tbread  rooiid  tlie  axle  and  teag^  a  ktuMvii  weigjtf 
<Mi  Cfa  cad.  Wfan  die  axle  is  ¥eftical«  tbe  tlir^d  Is  farot^bc  oitt  ifl 
a  iMriiOfllal  cfirec&OKi  frGm  the  aole  and  passed  over  a  freely  pfvottcd 
pollef,  from  wlikli  it  haiags  down  carrTiog  tbe  weight  at  its  end.  To 
avoid  side  pnsmmm  y^^msH  tbe  axie  bearings  it  is  desirable  to  i»c  tut^ 
tbread«  broqgltt  ^^^tarf  ircnm  tbe  axJe  in  opposite  directtons  aad  &£h 
canning  ball  tbe  weight  to  thai  a  proper  tarmog  nKHticnt  i$  |«v- 
doced*  Haviog  adfosted  the  thr^d  and  weights,  current  is  tttmoS  ^n. 
and  laricd  until  the  armature  torque  just  babnces  the  weigh L  \^lKti 
the  ftill^load  lorqoe  u  soiall,  it  is  dcwable  to  make  this  measqrcnicsit 
with  (wti  or  three  Ititi^i  the  fuLU-load  currtrnt,  otherwise  the  wrigJW 
rciqurred  will  he  too  smsll  to  enabie  accurate  re:»idls  to  be  obraine^^ 
The  calculated  torque  is  found  to  agree  within  2  or  3  per  ceuL  tuitb 
that  obUtincd  directly  b}*  measurement* 

IL  Brake  Torque. 

The  difficulty  of  deterniining  the  average  path  of  the  eddy  currcu' 
In  a  given  brake  contluctor  prevents  us  from  predctermiiiiiig  the  torqtjr 
unJtH^  we  iiavc  ptcviously  asc^rMned  the  effective  electrical  resistJUice 
of  the  current  path  \n  %  brA\M:  qI  ivtcSiM  ^-xn^.  *VwLt^  ^\^<^  howettr, 
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some  general  principles  applying  to  tlic  design  of    Foucault  brakes 
which  ma)'  be  shortly  stated  here. 

Consider  a  cylindrical  conductor,  of  radius  r,  spinning  on  its  axis 
between  the  poles  of  a  magnet.  Let  the  polar  gap  have  a  breadth  ft  and 
axial  length  /,  and  let  the  field  within  the  gap  be  H.  Then  if  x  is  the 
electrical  resistance  of  the  current  path,  and  4u  the  angular  vdocity  of 
the  cylinder,  the  current  generated  will  be— 

.r 

Now  the  force  between  conductor  and   magnet  h  H  /  Q  hence  the 
torque  will  be 

M  =  ^i^^ (0 


When  the  cylinder  extends  axial ly  for  some  distance  beyond  the  poles 
in  both  directions^  x  becomes  simply  proportional  to  the  resistance  of 
the  metal  in  the  gap.    Now  this  resistance  is 

hi' 

I  being  the  thickness  of  the  metal.    We  can  therefore  write — 

bi 

The  value  of  k  depends  on  the  shape  of  Hie  polar  area,  and  on  the 
extent  of  conductor  outside  that  area.  The  author  ^nds  k  varies  from 
about  3  for  a  square  or  circular  area  of  gap  up  to  6  or  7  with  oblong 
poles,  even  as  high  as  t>  or  10  when  there  is  very  Uttle  metal  beyond 
the  poles*  Inserting  the  value  jusl  given  for  x  in  equation  (i)  and 
multiplying  both  numerator  and  denominator  by  b,  we  get — 


M  = 


kpbt      ' 


M  = 


krbt 


W 


from  which  we  see  that  for  a  given  value  of  total  induction  B  passing 
through  the  brake  cyclinder,  the  torque  increases  as  the  area  6/  is 
dimiuishcd*  This  deduction  is  well  borne  out  in  practice,  and  by  giving 
the  brake  magnets  conical  poles  ending  in  a  circular  gap  of  small 
diameter  the  torque  for  a  given  weight  of  magnet  is  considerably 
increased  ;  or,  what  is  generally  more  important,  for  a  given  torque 
the  weight  of  metal  in  the  brake  may  be  greatly  reduced  by  using 
magnets  with  conical  poles. 

The  formula  also  shows  the  advantage  to  be  gained  by  increasing 
the  diameter  of  a  cylindrical  brake  ;  since  the  weight  only  ittct^;a25fcs 
in  simple  proportion,  whUe  the  torque  increases  Vtl  YTQ^otl\o^  \o  fe^ 
squMre  of  f/re-rad/tiS. 
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The  air  triction  of  a  rotating  body  is  probably  not  exactly  propor- 
tional to  the  >quare  of  the  speed,  but  the  formula  is  found  to  agree  very 
cIos<.*1y  with  experiment. 

An  example  of  the  effect  of  air  friction  is  afforded  by  Meter  No.  5. 
in  which  each  of  the  two  parts  of  the  astatic  armature  is  made  up  of 
four  oblong  coils  wound  on  open  **  formers."  Such  an  arrangement 
naturally  fans  the  air.  and  experiment  showed  that  air  friction  at  speeds 
of  from  40  to  50  revolutions  per  minute  was  by  no  means  small  com- 
pared with  mechanical  friction.  The  brake  having  been  reduced  to 
about  one-sixteenth  of  its  full  strength,  the  following  readings  of  torque 
and  speed  were  taken  : — 

Meter  No.  5. 

Full-load.  100  volts  x  10  amperes. 

Full-load  torque.  16 10  dynes  cm. ;  drop  '6  volt. 

Ettcct  of  air  friction  exaggerated  by  use  of  a  weak  brake. 


Visits. 

Amperes. 

d 
Dyne  cms. 

s 
Revs,  per  min. 

100 

10 

16*1 

658 

100 

•50 

805 

3740 

100 

100 

16  ro 

72*60 

Hv  inserting  these  valuer  in  the  above  equations  we  find — 
/  =  316  ;  6=  1*95  ;  a  =  -003. 

The  curve  of  the  meter  with  its  weakened  brake  is  shown  in  Fig.  13, 
where  the  lower  curve  line  is  drawn  to  the  equation — 

d  =  316  +  1*95  s  +  -003  s», 

while  the  upper  curve  (a  straight  line)  shows  what  the  law  of  this  meter 
would  have  been  if  no  air  friction  existed.  It  will  be  seen  that  at  80 
revolutions  per  minute  air  friction  amounts  to  as  much  as  19  dyne  cms. 
At  full  speed  (50  revolutions  per  minute)  the  driving  torque  is 
expended  as  follows  : — 

In  overcoming  mechanical  friction         ...      3*2  dyne  cms. 

„  M  air  friction 7*5      „       „ 

„  „  brake  torque         97*8       „       „ 

Total       108-5       M       M 

That  is  to  say,  with  the  weak  brake  air  friction  amounts  to  about  7  per 
cent,  of  the  whole  rcs\sUt\c<i  lo  loV-alCvow.  ^\n>cv  \!c«.  V^^^ke  restored  to 
its'--       '  strength  the  covtesvotvdm^  ^^>ix^^  ^x^— 
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Mechanical  friction      ...        **•       j'l  dyne  cms. 

Air  friction         r*.        75      „       ,, 

Brake  (full  strength) l6oo"o      „       „ 

Total      .,,         „.         ,,.  16107 

It  wiH  be  seen  that  the  air  friction  is  now  less  than  one-half  per 
cent,  of  Ihe  total  resistance,  although  this  particular  meter  has  less 
torque  than  the  standard  now  adopted, 

Atiothcr  method  of  determining  friction  which  seemed  at  first^sight 
to  offer  several  advantages  is  to  run  the  meter  at  about  full  loadj  and 
having  carefully  determined  the  speed,  at  a  given  instant  cut  off  the 
currents  and  note  the  time  taken  by  the  meter  in  coming  to  rest.  If 
at  any  instant  the  angular  velocity  is  la,  we  have  the  equation — 

^57=/+'"- (•) 

where  1  is  the  moment  of  inertia  of  the  meter  axle  and  parts  attached 
to  it  ^  /'  is  the  mechanical  friction  as  before,  but  b  now  stands  for  brake 
torque  at  unit  angular  velocity*    (i)  gives  the  value— 

d  w 


"^w^ 


hence 

f bmj 

J  a      ^    '    *    *  (2J 

«'  —  I 

w,  being  the  initial  angular  velocity.  The  moment  of  inertia  is  easUy 
determined  by  attaching  a  hair-spring,  of  known  strength  s,  to  the  axle 
and  observing  the  period  of  oscillation  t  ;  then — 

$  must  be  taken  in  dyne  cms.  per  radian  of  torsion. 

In  practice  this  method  has  not  given  good  results.  A  meter — 
especially  a  fricttonless  meter—comes  to  rest  so  gradually  that  it  is 
exceedingly  difficult  to  determine  with  exactness  the  instant  when 
it  stops,  Agairii  if  there  is  the  least  want  of  balance  in  the  axle  it 
will  very  rarely  happen  that  the  meter  comes  to  rest  at  its  position  of 
stable  equilibrium  without  first  making  one  or  more^very  slow  oscilla- 
tions about  that  point.  Hence  there  arc  often  very  large  discrepancies 
in  successive  observations*  and  on  the  whole  the  average  time  taken  in 
coming  to  rest  will  be  greater  than  it  would  be  if  the  meter  were 
perfectly  baknced.  Some  early  cxperiaients  with  meter  No.  2  may  be 
quoted  as  an  illustration  of  this  uncertainly.  Measured  by  the  torque- 
speed  curve  the  friction  w*as  265  dyne  cms* ;  the  mean  of  two  fairly 
good  observations  of  the  time  of  stopping  gave  the  value  2 "98  dyne 
cms.  This  result  being  considered  encouraging,  a  large  number  of 
simiJar  tests  was  made,  with  the  result  that  the  average  of  the  whole 
series  gave  1*27  dyne  cmi,  as  the  friction.  This  ft^gate  \^  uT^&i^3fc^E>^^^ 
a  good  deal  lower  than  the  true  value,  an-i,  exce^\  ^i&  ^  tciM^  -ax^.^ 
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ready  means  of  comparison,  the  stopping  test  has  not  since  been 
employed.  All  the  friction  values  given  in  the  paper  are  deduced 
from  torque-speed  curves. 

An  improvement  on  the  stopping  test  would  be  to  record  on  a 
chronograph  the  times  of  successive  revolutions  of  the  meter,  begin- 
ning as  boon  as  the  currents  are  cut  off  and  ending  a  little  before  the 
meter  comes  to  rest.  The  chronograph  record  would  enable  a  time- 
speed  curve  to  be  plotted,  and  the  slope  of  the  cur\'e  would  give  the 
total  retardation,  from  which  the  brake  torque  would  have  of  course  to 
be  deducted  in  order  to  arrive  at  the  value  of  friction. 

Calculated  Friction. 

It  is  useful  to  compare  the  value  of  friction  given  by  direct  experi- 

■  mcnt  with  the  value  calculated  on  the  assumption  that  the  bearings  arc 

the  sole  cause  of  friction.    This  comparison  has  been  made  in  the  case 

of  meter  No.  2,  and  shows  a  considerable  margin  of  friction  unaccounted 

for. 

If  the  diameter  of  contact  between  the  steel  point  and  the  cup 
forming  the  step  bearing  were  measurable,  the  friction  moment  could 
be  estimated  from  the  formula — 

^     kPd 

where 

k  is  the  coefficient  of  friction. 

P    „      total  pressure  on  the  bearing. 

d    „      diameter  of  contact. 

It  is,  however,  impossible  to  measure  the  contact  diameter  when  the 
point  and  cup  are  spherical  surfaces,  and  recourse  was  had  to  experi- 
ment. The  total  friction  having  been  taken  by  the  torque-speed 
method,  a  wciglit  of  about  50  grammes  was  added  to  the  armature,  and 
tlie  friction  again  determined.  The  weight  being  removed,  the  first 
test  was  repeated.  The  result  of  these  tests  was  to  show  that  this  par- 
ticular point  and  jewel  offered  a  frictional  resistance  of  '092  dyne  cms. 
per  gramme  weight  pressing  on  the  jewel.  Now  before  the  meter 
started  running  on  October  12,  1899,  the  pressure  on  the  jewel  was 
measured  and  found  to  be  12  grammes  ;  hence  the  step-bearing  friction 
would  he  'ocp  X  12  =  1*1  dyne  cms. 

The  friction  added  by  each  brush  wheel  is  roughly  as  follows  : — 

Brush-wheel   step  bearing  :   pivot   assumed  to  have   a  flat  end  in 
contact  with  flat  step  plate. 

Weight  of  wheel  and  its  axle,  i'2  grms.  ;  or  P  =  1,200  dynes  nearly 
enough. 

Diameter  of  contact,  s;iy  equal  to  diameter  of  pivot,  namely  "035  cms. 

Co-efficient  of  friction  '20. 
Then  using  the  formula—^ 
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The  commutator  wires  press  ;igainst  the  wheals  and  force  the  brush 
pivots  against  the  sides  of  the  holes  in  which  they  run.  The  mean 
prcsiiure  on  each  wheel  is  about  50  dynes,  and  the  radius  of  the  pivot 
being  '018  cms.,  the  frictton  moment  is  roughly  50  x  *2  X  '018  =  vS 
dyne  cms.  Adding  this  to  the  step  friction  and  multiplying  by  2  to 
include  both  brush  wheels,  we  find  they  require  a  torque  of  nearly  6 
dyne  cms.  applied  to  their  own  axles  to  overcome  friction.  This  tignre 
must  of  course  be  divided  by  12 — the  ratio  of  the  diameters  of  wheels 
and  commutator — to  give  the  frictional  moment  of  the  bru<^h  wheels 
upon  the  armature  axle.  That  is  to  say,  the  brush  wheels  account  for 
about  $  dyne  cms.,  while  the  meter  axle  bearing  accounts  for  i"i, 
making  a  total  of  r6  dyne  cms.  estimated  friction, 

The  lowest  observed  friction  in  meter  No.  2  was  2*1  dyne  cms,  (see 
Table  IV.,  Oct.  12,  iSgcj),  so  that,  remembering  that  brush- wheel  friction 
is  an  overestimate,  there  is  at  least  ^5  dyne  cms.  unaccounted  for.  No 
doubt  the  rolling  of  the  commutator  wires  on  the  brush  wheels  accounts 
for  some  of  this^  and  theie  is  also  the  work  done  in  overcoming  co* 
hesion  as  the  wires  pull  themselves  off  the  wheels.  This  is  a  form  of 
work  wliich  is  probably  not  completely  or  even  at  all  reversible^  so  that 
it  is  not  given  back  when  the  wires  come  into  contact  with  the  wheels. 
There  may  also  be  a  very  small  resistance  to  rotation  due  to  hysteresis 
in  the  steel  axle.  The  magnetic  field  of  the  brake  magnets  tends  to 
produce  a  non-uniform  diistribution  of  induction  at  the  surface  of  the 
axle^  and  if  this  want  of  uniform  density  extends  to  any  depth  below 
the  surface,  some  part  of  the  volume  of  steel  will  be  going  through  two 
small  magnetic  cycles*  in  eiich  revolution  of  the  axle. 

TABLE    I. 

Errors  of  Uncorrected  Motor  Meter. 
Maxiinum  Driving  Torque  =  100,  Friction  =  3.    Full  Speed  ~  100  ;  Arbitrary 

Units, 


2 

4 

10 

20 
40 
60 

80 
100 


Frtctiuil 
/■ 


Spf^  (ntimeri- 
caJJy  equal  to 

l*erccnlauc 

0 

inf. 

2 

—  s^ 

8 

»  20 

18 

n    10 

38 

-      5 

5« 

-    5'3 

78 

M       2^5 

98 

M    ro 

Standard  r^ngc  =  i  lo  3'  ^. 
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TABLE   II. 

Errors  of  Uncorrected  **  Friction  less  "   Meter. 

Maximum  Driving  Torque  =  lOO,  Friction  =  •02.     Full  Speed  =  loo  ; 
Arbitrary  Units. 


Drivini'  Motuctit 
M. 

Friction 

Speed  (numcri- 
'    callv  equal  to 
\I-^.) 

Pcrcentauc 

1 

02 

02 

0 

inf. 

•04 

•02 

1                               1 
1               -02 

50 

•10 

02 

•08 

20 

•40 

02 

i    -38  ; 

5           ' 

roc 

•02 

'    98  ' 

2 

1000 

02 

998  •, 

02 

5000 

02 

I  4998 

•04 

lOO'OO 

02 

1  9998  ' 

1 

•02 

Standard  range  =  I  to  250. 


TABLE  III. 

Friction  Tksts  *  of  Mkter  No.  i.  This  Meter  was  Started  on  May 
25rh,  lhi)(),  am)  has  been  running  at  about  80  revolutions  per 
Minute  continuously  since  that  Date. 


Date. 


Total  Revolutions  t»f 
Armature  .\xle. 


Moment  of  Frictional  Resistance, 
(dyne  cms.). 


25th  May,  i89<;       1 


I 


28th  June  „ 
26th  Sept.,  „ 
30th  March,  1900 


o  I  Not  measured  accurately,  but 

about  =  7  dyne  cms. 

3,460,000        I  6-8 

12,275,000        !  6'8 

I 
29,046,000  7*2 


•  For  mcU\ods  oi  meAs>\\-tvcvex\V  ^^vi  X^^v^^xe^vs.. 
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Frictiok  Tests  *   of   Mm^ter   No.   j.     This   Metei^   was   Started    on 

OcrOBIiR    mH,    1899,    AKD    HAS    HKHrN    RUXSING    AT    Am>rT    S7    KeVO- 
LCTIONS  PER   MiNUTK  COSTINUOUSLY  SIKCE  THAT   DATE. 


Date. 

Total  Revdlutieiw  of 
Meier  AKJe. 

Moment  oT  Krictional  RvflSntaiifie 

(dyne  crrw.), 

i2tli  OcL,  1899 

0 

3'2 

fi          1*            11 

100 

2't 

rath    „      „ 

a-3 

16th  „     . 

■not  noted 

2-4 

1  20th   ,. 

3*2 

7th  Nov.      ,, 

2.088,000 

rq 

20th      „ 

3,080,000 

30 

list  Dec.      ,t 

4»3i3>ooo 

a'^ 

^th  Jan.,  1900 
\ 
3olh    „ 

7,233,000 

3-3+ 
3'St 

i 


•  For  methods  of  tncAsurenient  se^  Appendix. 

t  Commatator  cibscrved  to  be  making*  irrc|*ular  contact.  Aftt!r  making 
test,  exHminalion  abuwed  a  line  hatr  wound  round  and  entangled  in  com- 
mutator. The  hair  was  removed  as  carefully  a^  possible  without  taking  the 
meter  to  pieces. 

J  Taken  Immediately  after  removal  of  the  hair. 


r  The  President  :  1  am  delighted  to  Hiid  that  among 
those  present  we  have  the  company  of  a  distinguished 
American  electrical  engineer,  whom  I  ought  not,  perhaps, 
to  call  an  American  because  we  may  chiim  him  as  an 
EngHshman  born  ;  1  mean  Mr,  T.  Lockwood,  of  the  Bell 
Telephone  Company  of  Boston,  who  has  had  the  honour  of 
being  President  of  the  American  Institute,  1  will  ask  him 
to  open  the  discussion  by  contributing  anything  he  chooses 
to  say  on  this  subject,  or  on  any  other  that  may  occur  to 
m. 


Mr.  T,  D,  Lockwood  ;  t  am  somewhat  surprii^ed  at  this  my  first 
meet  lug  with  you  to  find  that  the  personnel  of  the  Meeting  is  very  much 
like  that  of  the  Meetings  which  I  am  accustomed  to  attend  in  N*;>«  YiaxV^ 
— t h ere  is  such  a  1  arge  p ercen tage  of  youn g  faces »  \  Uav c ,  ip^^t^Mvi^^ ^Vst^-tv ^ 
file tn her  of  thi^  InstitutiQn  longer  than  most  ol  tho^  ^t^^fctil^  'wcv'^  '^^^- 


Mr. 

Lockwood. 


im 
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this  h  the  first  time  that  I  have  had  the  pleasure  and  priirilege  of  bang 

prubcot  to  Ustcn  to  a  p^ptT  and  to  take  pjirt  in  the  discusMon  oii^he 
papei\  oi\  as  your  President  has  kmdiv  remarked,  to  discitss  anvjiiiag 
else.  I  e?>tcein  it  a  %'ery  great  privilege  to  be  here  this  evetiitig.  It  was 
not  until  this  iifternoon  that  I  knew  there  was  to  be  a  Meeting  of  the 
Iiistttution  of  Electrical  Engineers,  ^nd  when  I  was  handed  the  paper 
of  this  evening  to  which  I  have  listened  with  such  great  pl^isurc,  I 
niu'*t  confer!*  that  I  was  somewhat  disconcerted  at  the  title,  Thiswiii* 
of  course,  before  I  read  the  preamble  of  the  anthor,  for  it  did  seem  1^ 
me  that  I  was  approaching,  within  very  cloi»e  limits,  to  what  the  aathot 
so  very  carefully  and  promptly  disclaitnedj  perpetual  niotion.  But 
after  hearing  what  he  had  to  say,  and  after  carefuiJy  lookiag  myself  at 
the  diagrams  and  reading  the  paper,  I  can  only  add  this,  thai  I  am  sorry 
that  fn  the  Proceedings  of  our  Societies  it  is  impossible  to  reprodsice 
cxperimentii,  or  the  manner  of  the  speaker,  or  to  reproduce  anything 
except  the  dry  text  sometimes — not  this  time,  however — of  a  dry 
paper. 

The  difficulty  which  Mr*  Evershed  remarked,  of  tearnirsg  what 
had  been  done  hefore»  is  one  which  I  apprehend  has  occiirrcd  to 
most  of  us.  I,  perhaps,  have  read  as  many  old  patent  speeificabons, 
British  and  American,  and  others,  many  in  foreign  languages,  some 
written  in  EngUsh  which  might  as  well  have  Iwen  in  a  foreign  languagCt 
as  any  one ;  and  I  have,  myself,  to  I  he  fullest  extent  ^  appreciated  the 
great  difficulty  of  iearning  anything  from  99  out  of  ioo  of  those  specifica- 
tions. If  tht:  picture  w^as  all  nght,  the  text  was  all  wrong;  and  if  the 
text  was  all  right  the  picture  did  not  agree  with  it  as  a  nile,  so  thiit  it 
was  very  difficult  to  understand  what  the  inventor  or  the  ^ftaft-invcntor 
was  attempting  to  explain. 

The  author  said  that  he  did  not  know  until  he  was  far  adiranced  in 
the  production  of  tiis  meter,  that  anything  on  the  saine  lines  in  which 
he  had  been  going  had  been  done  before*  That,  of  course,  is  not  at  all 
an  unusual  experience,  it  is  perfectly  familiar  to  any  one  of  us  who  ha!> 
done  any  inventing  at  all ;  and  I  am  reminded  very  forcibly  of  a  rem;u^k 
which  I  found  once  in  the  preface  of  the  first  book  which  was  ever 
written  on  electric  lighting  perhaps*  vi^.*  Ihc  book  of  Hippolyte- 
Fontaine^ — *'  People  of  old  times  had  very  little  honesty ;  they  have 
stolen  all  our  best  inventions." 

Mr,  S»  Z.  DE  Fehranti  ;  I  can  quite  understand  w*hat  Mr,  Evershed 
said  when  he  told  us  that  he  had  worked  for  ten  years  on  this  subject 
If  he  had  said  that  he  had  worked  at  it  for  longer  than  that,  were  it  not 
for  his  age,  I  should  not  have  been  at  all  surprised.  No  one  who  has 
not  worked  at  this  sort  of  thing  can  have  any  idea  of  what  it  involves  in 
the  way  of  hme,  the  number  of  disappointments,  and  the  aniouat  of 
work  w*hich  is  done*  which  appears  to  bi.'  fruitless,  and  I  he  very  long 
time  it  takes  to  make  anything  commercially  useful.  It  w*ould  be  quite 
superfluous  on  my  part  to  say  how  exceedingly  interesting  the  paper  lias 
been,  or  tocompHment  Mr*  Evershed  upon  the  most  beautiful  mechanical 
contrivance*  and  I  he  perfection  of  the  details  which  he  has  worked  out. 
He  haS;  mifo^daldyi  2&\\^  io\d  ^t>i^,  lo\i\\i  s^s^vikiLi  other  people  have 
had  soiUf^^^^tti^^  >amc  sort  oi  Xd'iab.    \v\^^^ic^ij^\^i\<^iesifiBa.^ff*«t'^- 
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body  IS  subject  to,  and  I  am  begiuning  to  think  now  that  if  I  do  make  Mr. 

anything  tn  tlic  nature  of  an  invention,  half-a-dozen  peopJe  have  pro-  i'*^"*^"*** 
bably  done  it  before  me.  With  regard  to  the  particular  subject  of  iliQ 
paper,  vi^s.,  a  frictionlus^  meter,  I  do  not  think  perhaps  that  Mr. 
Evcrshed  has  appreciated  how  frictionlcss  some  other  meters  have 
actually  been.  I  remember  when  working  a  ^reat  many  years  ago,  I 
think  it  was  in  1885,  when  I  had  a  small  works  in  Hatton  Garden,  that 
I  was  struck  wilh  a  very  curious  occurrence  which  happened  to  one  of 
the  meters  which  I  made  there.  I  thought  I  had  discovered,  or  at  any 
rate  come  face  to  face  with,  some  marvellous  new  circumstance  or  thing 
which  was  quite  beyond  my  comprehension.  One  day  when  the  current 
was  turned  off,  one  of  my  mercury  meters,  wliich  I  may  say  was  very 
frictionless,  rotated  without  any  connection  with  the  electric  circuit, 
and  rotated  tiackwards.  This  was  exceedingly  surprising.  We  watched 
it  very  carefully,  and  the  meter  moved  slowly  backwards  for  two  days. 
We  discovered  eventually  that  the  sixth  or  seventh  wheel  of  the  meter 
was  jammed,  and  that  the  spring  in  the  train  of  wheels  was  sufficient  to 
give  driving  power  to  run  that  meter  at  an  exceedingly  slow  speed  for 
two  days.  I  should  like  to  ask  Mr.  Evcrshed — I  do  not  know  how  he 
does  it  in  his  meter— to  calculate  what  the  friction  or  resistance  of  that 
meter  was  in  order  that  it  should  go  round  at  all  against  its  own  friction 
for  two  days  with  such  a  class  of  driving  force.  Another  point  is  this. 
We  find  that  a  mercury  meter  constructed  to  register  up  to  300  amperes 
starts  with  certainty  with  01  of  an  ampere  or  i-j.oooth  part  of  its  normal 
_  fuil-load  current.  Now  that  is  not  a  5,000th  part  of  the  power,  bul  it  is 
iisimply  a  3,000th  part  of  the  current :  although  when  you  come  to  think 
of  what  the  friction  must  be  in  that  case,  notwithstanding  the  residual 
magnetism  which  helps  to  start  the  meter,  you  will  hud  that  the  internal 
friction  of  such  an  apparatus  must  be  exceedingly  small,  and  1  should 
not  like  to  put  it  down  at  any  fixed  amount.  I  wilt  mention  another 
curious  fact.  It  is  very  important  in  this  particular  class  of  meter  which 
we  make,  that  the  little  fan  which  is  immersed  in  the  mercury  should 
be  perfectly  balanced,  and  we  take  elaborate  precautions  that  it  should 

»bc  so,  because  if  it  is  not  balanced  and  the  meter  is  a  little  out  of  levels 
it  interferes  wntb  the  starting  ;  yet  such  forces  are  very  smalL  I  have 
had  a  certain  amount  of  difficulty  (quite  unaccountable  at  first)  with 
meters  in  starting  properly,  through  this  want  of  balance,  although  the 
meter  had  been  carefully  balanced,  and  we  eventually  found  that  quite 
a  serious  source  of  trouble  in  this  direction  arose  from  varnishing  and 
lacquering  the  small  fan  immersed  in  the  mercury  more  thickly  on  one 
side  than  on  the  other,  and  so  displacing  atiny  quantity  of  mercury  more  on 
one  side  than  on  the  other  and  putting  the  meter  out  of  balance  in  mercury. 
There,  again,  it  is  quite  evident  that  forces  minute  in  their  dimensions 
must  be  at  w^ork  to  produce  any  of  these  results. 

I  should  like  to  point  out  that  the  Aron  meter  practically  disregards 
friction,  although  there  is  a  train  of  wheels  there.  The  principle  of  the 
meter  is  such  that  it  does  not  matter,  and  there  are  other  meters  of  that 
kind,  but  it  has  one  objection  amongst  many  others :  it  licks.  I 
should  recommend  Mr.  Evershed  very  closely  lo  comv^jiiic  ^svcv^  QN^ieL^ 
of  his  bciitttifut  arrangements  {which  \\e  a^\^ai^  ^so  «i\vi^\V3  Vq  S.\cA  ^^s^'v 


Mj  o«m  idcM.  abost  tUf  wlKiie  sttbfea    iiilbaat  wislittig  to  d^nd 

aajr  «^  froB  die  moil  booriUfsl  iPirt  Mr.  Eicnbed  h^  done — is 

I  littt  Cbe  meler  is  ^eiier  in  sdentific  sieril  fHilwy^  tban  ia  commercxa] 

Of  oolirse  it  ts  cnljr  a  coo j^cf iixfr^  bat  i^iit  t  baeim  foond  ia  hanj 

'  praetiocy  liamg  to  siacbrfy  all  sorts  of  people  mnl^ig  elttntricitT  fnetcn, 

k  tittt  tbe^r  «dl  2ifc  f or  the  iDOit  absolttle  simpliciiy,  and  if  they  can  get 

tliat  perfect  nfnplkitT  tber  wOI  Edifice  a  good  deal  for  it.    I  thcrcf ore 

]  Ibtok  that  Mr,  Ei'«r§bed  ba@  qiiitc  a  tBsk  before  him  in  tittrododng 

Imitylliinft  no  matter  hov  peffect^  that  involves  the  various  parts  that  are 

f^thnwn  m  thU  very  beaotifiil  instrncnent  of  his.     I  hope  that  anythiog  I 

\  I  will  not  detract  itx  any  way  from  the  splendid  w^rk  which  Mr. 

r  'i  has  done. 

Mr.  iiKfiiXAiJi  Wood  :  I  am  afraid ^  after  tlic  remarks  of  tlie  Uit  tvro 
!ipc;iktf !*,  1  ihalJ  appear  rather  ungracious,  but  the  fact  b  I  liave  come 
ilc^wii  here  c^cpre^^ly  to  say  that  I  claim  to  be  the  inventor  of  this 
magnetic  MiKpenMori  exactly  as  it  is  shown.  It  is  rather  an  unplt^asiint 
lliN)]L{  to  luve  to  s:iy,  because  when  oiie  reads  the  paper  one  caonot  hi'lp 
admiuij^  not  utily  thv.  bngmigc  of  the  paper  but  the  law  of  the  inslfu- 
miint.  I  a^rec  with  Mr.  Fcrmnli  that  the  commutator  is  bcauliful,  and 
Ltl*e  olectrLi-nugnetiu  connection  between  the  shaft  ;md  the  train-gear 
F h  hIm)  a  very  bcauUluV  couUvv^uc*:.*  \  \\k>Mt  ixoi^M'a^hut  congratulation 
(ti  offer  Mr.  Ever^bcd*    Oi  co\itsc A  m^'si m-j  ^sV^iXV^^ELVSsa^-i.Ni^i^ 
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that  T  make  my  claim,  but  I  do  not  want  it  to  be  considered  to  bia  made   ^'''-  Wood, 
ill  an  ungracioii*)  manner,  although  I  am  afraid  it  is* 

[Comnmnicaltd.]  A  deiscription  of  my  magnetic  suspension  will 
be  found  in  Patent  Specification  18,053  ^^  '^9^-  The  question  of 
*'  floatation  "  of  a  magneticaily  suspended  shaft  presents  an  interesting 
point.  If  all  the  forces  arc  accurately  balanced,  the  inertia  of  the 
rotating  body  causes  it  to  '*  float "  when  the  speed  is  sufficiently  high. 
My  attention  was  given  to  magnetic  suspension,  because  I  thought  it 
highly  desirable  to  abolish  friction  and  all  chance  of  hot  bearings  in  my 
Feeder  Machines,  which  are  described  in  the  Journal,  voLx^ivii.^  p.  637  ; 
and  I  am  indebted  to  the  author  for  proving  the  truth  of  my  prediction- 
If  some  one  will  now  utilise  my  method  of  applying  magnetic  force  to 
ncutrahsc  centrifugal  force*  a  considerable  advance  may  be  made  in 
economising  fuel  Many  of  these  matters  are  worthy  the  attention  of 
the  Associated  Railways, 

Mr,  W,  M.  MoKDEY  s;iid  that  he  agreed  with  Mr.  Ferranti  as  to  the   Mr.  Mordcy 
importance  of  simphcity  in  meters.     Although  he  admired  the  way  the 
Evershed  meter  had  been  worked  out,  he  could  not  help  thinking  that 
commutators   were  objectionable  in  meters.    The  greatest  simplicitv 


was  got  by  mercury  meters  for  direct  currents  and  induction  motor 
meters  for  alternate  currents^  But  the  Evershed  instrument  was  a 
beautiful  example  of  commutator  meters,  and  shared  with  the  Thomson 
meter  the  useful  quality  of  being  suitable  for  all  sorts  of  circuits — ^for 
direct  currents,  and  for  alternate  currents  of  any  periodicity.  For  alter- 
nate currents  it  should  be  good  even  with  low  power-factors.  The  %'ery 
small  values  given  for  friction  were  very  interesting,  but  none  the  less 
all  nu'ters  were  very  disappointing  as  regards  efficiency.  Probably  no 
meter  takes  so  httle  as  one  watt,  and  yet  one  watt  means  about  44  foot- 
pounds per  minute.  He  wished  to  supplement  the  author's  reference  to 
the  Stanley  meter  by  showing  them  an  example  of  the  magnetic  sus- 
pension sent  liim  by  lus  friend  Mr.  Stanley,  in  whose  laboratory  in  the 
United  States  he  had  seen  and  tested  the  tirst  instrument  produced.  He 
thought  the  author  hardly  realised  what  a  very  pretty  thing  the  sus- 
peuMOn  was — it  was  practically  friction  less,  and  entirely  avoided  the 
troubles  due  to  vibration  from  alternate  currents. 

He  then  sketched  a  diagram  (Fig,  A)  of  the  Stanley  arrangement 
showing  that  the  iron  shaft  a  was  magnelvcaVVy  'SMppoxW^.  \5^  ^^  ^^23. 
5S}ng  into  the  Hanges  b  from  the  encircVmgpoVcs't^  M\d  'Sj — ^^  ^'^^  «- 
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mounted  on  Ihe  sh^t  a  being  tnngneticaU^-  bnUced  by  passing  thrr 
the  field  bclwtTii  the  polar  extensions  n  j.  This  method  o4  sus^pc^ 
caused  the  shaft  and  dbc  to  11  cm!  in  Itic  air.  E3itt:nsions  of  the 
piis>^^  Ihroiij^h  guide  holes  at  */  ti,  butthi;ire  wsis  no  pivot  in  the  iirdinart 
sense.  U  would  be  seen  that  friction  could  only  take  pUee  at  d  d,  and 
that  a  fair  amount  of  clearance  in  the  n^Tgnetic  )^aps  and  good 
meclutnicuJ  cuntreing  would  make  this  friction  ne0igfbk-,  Mr.  Stanley 
had  told  him,  in  fact,  that  some  of  liis6  k.w*  meters  started  with  2\  wattv 

Mr.  H,  L,  Hoot  :  As  ii  user  of  meters,  and  as  one  who  has  li:id  con* 
siderabte  trouble  with  meters,  1  am  glad  to  be  able  to  inform  the 
manufacturers  of  meters  of  the  diBkulties  we  have  to  contend  with.  I 
think  perhaps  many  engineers  do  not  appreciate  the  ftnancial  value  to 
a  works  in  using  a  good  meter.  During  six  years'  experience  of 
different  types  of  meters  I  have  had  to  scrap  no  less  than  two  type^  suid 
1  have  also  found  that  it  has  paid  me  to  do  so.  With  regard  to  the  fint 
type  I  had,  the  consumers  patted  me  on  the  hack  because  it  wouJd  no! 
register  ;  with  regard  to  the  second  type,  the  consumers  swore  at  mc 
because  it  registered  too  freely  ;  and  with  regard  to  a  tlitrd  type  the 
consumers  considered  that  we  were  alwiiys  sending  people  to  examine 
the  meters  and  to  push  on  the  dials*  The  essentials  for  a  meter  are : 
Firsti^t  must  be  accurate  ;  secondly,  it  stiould  he  abliii  to  stand  rough 
usage  ;  thirdly,  it  should  not  tic  affected  by  vibration  ;  and  foiirlhly,  it 
should  not  run  backwards  and  forwards  on  its  own  imtiatiirc,  but  shouM 
be  controlled  as  it  is  intended  to  be.  Moreover,  it  should  be  able  to  with- 
stand the  overloads  that  are  sure  to  occur,  due  to  short  ^circuits,  wliich  I 
have  found  in  many  instances  to  have  a  serious  effect  on  the  accuracy 
afterwards,  es|iecially  in  the  case  of  magtietic  meters.  The  meter  also 
should  Ije  simple.  I  admire  Mr,  Evcrshed's  meter  immensely.  Ttic 
amount  of  labour  that  must  have  been  expended  in  designing  such  a 
beautiful  meter  is  apparent  to  every  one,  but  at  the  same  time  I  wouid 
personally  prefer  a  meter  which  1  can,  to  a  certain  ^ttent,  understand, 
and  know  liow  to  alter  and  adjust^  and  which  doe^  not  depend  so  much 
on  permanent  magnets. 

Mr.  F'erranti  mentioned  the  fact  of  a  meter  ticking*  It  is  perfectly 
true  that  Aron  meters  tick,  and  it  is  unfortunately  true  that  nearly  all 
types  of  meters  with  alternating  circuits  give  considerable  trouble  owing 
to  the  noise  they  make.  I  have  designed  a  little  arrangement  somethiug 
of  the  form  of  a  relay »  which  cuts  out  the  meter  during  the  hours  it  is 
not  being  used.  In  many  instances  1  have  found  this  relay  give  great 
satisfaction  to  consumers  who  object  to  the  noise  of  a  meter  during  tlw 
hour^  when  it  is  not  being  used  for  light.  Another  point  I  notice  Mr. 
Everishcd  has  studied  very  carefully  is  the  ehmination  of  friction,  I 
was  going  to  mention,  although  it  has  already  been  mentioned,  that  m 
the  Aron  meter  this  is  already  provided  for,  as  it  is  not  taken  into 
account.  The  last  point  I  would  impress  upon  the  makers  of  meters  is 
that  we  require  rapid  delivery. 

Mr,  E,  B,  ScHATTXER  :  The  meter  designed  by  Mr.  Evershed  s»«m 
to  me  very  ingenious  in  every  way,  but  my  experience  shows  me 
that  it  is  hardly  simpVe  ti^oM^i^  "iXtA  V  s\\qnM  ^ia.\*  it  could  not  lie  pro- 
duced at  a  price  at  iwVicVv  2l  m^\.^\  uowa^K^i^  Qf«i^v\a^\afc^^3Aewc3o5L.  It 


1900,] 


DISCUSSION 


787 


seems  to  me  that  since  the  re-advent  of  electroJytic  m^'ters,  which  are 
comiderabl}'  simpk-r,  and  consequently  ks5  expensive,  thjin  other 
meters,  prices  have  generally  been  reduced,  and  the  tendency  has  been 
everywhere  to  produce  a  less  expensive  motor  meter,  even  at  the 
sacrifice  of  accuracy. 

Professor  W.  E.  Avhtos*  :  In  his  opening  remarks*  Mr,  Kvershed 
takes  me  back  to  a  period  of  ci^rhtccn  years  agOj  a  period  to  which  my 
attention  has  been  very  much  direcled  during  the  last  few  days  at  the 
Law  Courts,  At  that  time,  us  you  have  been  told.  1  fir^t  thought, 
^vith  my  colleague  Professor  Perry,  of  the  right  principles  of  meter 
construction  which  have  been  enumerated  this  eveningj  but  I 
certainly  did  not  expect  to  see  what  may  be  called  a  **  dream ''  of  a 
meter,  where  the  ideal  has  been  brought  to  absolute  perfection, 
to  see  in  practice  what  one  merely  aimed  at>  namely,  to  get  a  perfect 
straight  hne  lawv  to  get  Ihe  resisting  force  from  all  causes,  including 
brush  frictiouj  friction  of  the  counting  mechanism  ^  friction  of  pivots, 
and  also  the  proper  magnetic  resistance  proportioned  to  the  velocity, 
combined  with  what  is  much  more  easy,  a  driving  force  proportional  to 
Ihe  power.  It  has  been  sat d  this  evening,  and  perhaps  it  might  appear 
at  first  sight  to  be  justiiiable,  in  the  criticisms,  that  Mr,  Kvershed  has 
onJy  attained  this  result  by  the  use  of  great  complexity.  Well,  another 
inventor  whose  name  has  also  been  quoted,  has,  with  the  clock-meter, 
achieved  our  other  ideal,  and  obtained  niar%^eUous  results  and  accuracy  by 
the  employment  of  great  complexity,  I  f  you  take  the  present  Aron  meter 
(which  is  selling  in  thousands  pur  year  even  in  this  country,  backward  as 
we  arc  in  electric  iigbting,  and  in  even  greater  numbers  abroad) and  think 
of  its  complexity,  but  on  the  other  hand  think  of  its  accuracy  and 
compare  it  with  our  original  gaining  clock,  which  was  shown  in  this 
room  some  eighteen  years  ago  with  its  single  pendulum,  you  would 
have  said  at  once  that  that  original  clock  would  have  been  the  one  to 
be  sold  in  thousands,  and  that  the  Aron  meter  of  to*day,  if  you  could 
have  seen  it,  would  have  had  no  chance  whatever.  It  is  just  the  other 
way.  That  meter,  simple  as  it  w^as,  had  no  sale;  the  Aron  meter  of  to- 
day, with  its  electric  mechanism  for  w*inding  up,  its  device  for  shifting 
over  the  counting  mechanism  and  for  altering  the  direction  of  the 
current  in  the  two  coils  every  eleven  minutes,  and  with  the  noise  li 
makes  in  winding  up  every  half-minutCj  sells  in  thousands.  It  is  not, 
how^ever,  the  mere  ticking,  but  the  gurgle  of  the  present  Aron  meter 
which  is  objected  to*  Be  that  as  it  may,  you  have  only  to  look  at  the 
value  of  the  shares  and  the  dividends  paid  by  the  Aron  Company  to  see 
what  delightful  results  can  be  attained  when  you  have,  compIexit5^  it 
may  be,  but  complexity  extremely  well  worked  out. 

Look,  for  instance^  at  Alfred  the  Great's  candle,  the  original  clock, 
and  then  look  at  a  modern  clock,  or  at  your  own  watch ;  what  chance 
liave   watches  ?     A   tiicre   theorist   might  object  :  They  are    far   too 
complicated,  nobody  will  buy  them  I    So  that  in  case  Mr,  Kvershed 
should   have   the  smallest  feehng  of  despondency   because    he    has 
obtained  this  marvellous  accuracy  with  a  certain  amount  of  cfMC^^Vi.'^\V>5  > 
I  may  sa}*  let  him  bear  up ;  there  is  a  posslbiVii^  tVval  \vvs  vaeXet  w»3>?| 
jvt^i  say,  the  Wutcrbary  watch  with  its  sale,  and  \  Vi^\e  t^q  do^s^A  SJcva^- 
he  Will  then  be  quite  satisfied. 


Mr. 
Schnttner. 


PrDfcs&nr 
Ayrtoii. 


m        EVERSHED  ;  FHICTIONL^SS  MOTOR    METER     (U^  Vlkh. 

Proff^tor  II  j,j|5  J3^»^jj  (^jjj(i  ^|^.^t  the  Aron  iiiclcr  is  a  frictioalcss  Rider.    I  dom 

know  what  that  luts  to  do  with  the  paper,  which  ts  on  ;i  t 
motor   mtHer.     The  Aron   mcUr  !%  acitht-r  a  niolor   tnctci  *■ 

hy  any  lucans  frktionless,  hat  it  b  incrclv  one  in  which  the  in 
docs  noi  produce  an  error  in  the  reading.    There  arc  other  metti  r  . 
variou*;  devices  aimed  at  preventing  the  friction  from  producing  ojik^ 
rrrof  in  the  rciiding—for  example,  the  udl-lmown  slartifig  co'l't^  ^' 
Khhu  Hionison  meter.    But  what  Mr,  Evcrshed  ha^  siic€«cded  in  rl     u 
i^  to  get  a  mHer  which  shall  not  require  atiyof  thc^ic  dcvices^and  \\'  '  ' 
shiilJ  still  liave  an  accuracy  of  a  very  high  order,      ft  is  not  quite  f  ;: 
to  ?^y  that  those  others  are  frietionless  meters,  because  their  ret      . 
are,  to  sonic  extent »  inde|>endc»l  of  friction.    They  have  attained  i  < 
results  Iw  certain  devices  :  Mr.  Evcrshed  has  ohtained  it  by  annihiLitinK 
the  friction. 

We  were  all  most  interested  to  hear  what  Mr.  Evershed  told  ^ 
about  the  range,  and  the  small  friction  of  his  meter,     I  do  not  know  at 
all  whether  Mr,  Evershed  hy  chance  has  tested  the   friction   m  the 
Fcrranti  meter:  if  so,  we  should  all  like  to  hear  what  the  v*alue  maybe. 
Mr,    Ferranti   lias.   1   think,  a  certain  device,  namely,    the  per*nancat 
magnet,  which  assists  in  starting  his  meters.     It  is  not  quite  fair,  lliefc- 
fore,  to  say  that  hecausc  you  have  a  meter  w*ith  a  starting  coil,  or  a 
certain  device,  and  you  arc  thereby  enabled  to  start   with   a  cvrtjin 
fraction  of  the  full  load,  therefore  there  is  little  friction.     Ji  doci  tiot 
follow  :   there  may  be  much  friction.     But  wiiat  Mr,   Evershed  tclU 
yoUp  practically,  is,  that  w*ith  no  device  to  help  the  meter  going  round. 
or  to  compensate  for  friction,  he  has,  by  not  allowing   friction  lo  he 
introdoced,  obtained  those  wonderful  curves,  in  which  the  whole  crrcr 
ill  measuring  from  the  power  at  which  the  meter  starts  up  to  S^"^ 
limes  that  power  is  only  2  or  3  per  cent.     That  result  is  most  amaxitig. 
One  other  point  was  spoken  of  with  regard  to  the  Aron  meter  which 
has  delighted  me  very  much  ;  namely,  that  Dr.  Aron,  during  the  last  tut? 
or  three  years,  has  gone  hack  to  the  original  idea^ — I  am  not  spcakieg 
merely  of  the  clock  now — that  Professor  Perry  and  I  put  forth,  and  the 
idea  that  Mr,  Evershed  has  utiUsed,  namely,  to  measure  what  you  pay 
for  ;  not  to  measure  it  indirectly^  but  to  measure  really  what  yoo  pay 
for.     Now,  what  do  you  pay  for  ?     You  pay  for  units  of  energ\^    Dr. 
Aron  has  abandoned  absolutely,  as  far  as  I  know,  meters  to  measure 
the  quantity  of  electricity.    AJl  his  early  clock  meters  were  quantity 
meters  :  all  tus  modern  meters,  to  which  1  referred  as  selling  in  ihonsaml*  - 
per  year  throughout  the  world,  are  energy  meters.     In  the  same  Wi\\ 
Mr.  Evershed  hiis  made  an  cnerg>^  meter,  and  for  that  alone  I  desire  to 
comphmenl  him,  apart  altogether — it  is  a  very  large  exception— from 
the  ingenuity  and  the  success  with  which  he  has  not  only  introdoofd 
one  tillle  improvement^  but  [las  taken  the  whole  energy  meter  and  has 
invented,  or  re- invented,  every  single  part  of  it  to  ohtain  perfettiotL 
In  addition  to  all  that,  the  fact  that  he  has  made  an  energy  meter  aiwl 
not  a  quantity  meter  is  to  mc  the  subject  of  great  pleasure  ;  and  for 
that  also  I  wish  to  thank  htm. 
^1"  Mr,  T-  D.  LOCKWOOU :  \  *i\\o\to  \v\.*i  \a  ^t-iv^  ^aar  induJgence  for  a 

jjciftt'ood     moment    On  the  s^t^  \u^V  oc<:;&.^ciw  q^  ^\\Ss^  \  Vi^  ^vi  Vjai^,ss»a£  to 
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preside  at  a  meeting  of  the  American  Institute  of  Electrical  Engineers,  J*""-^^^ 
the  subject  of  ttic  fvaj>cr  w.i.s  '*  Eieclric  Motor  Meters,"  1 1  wm  a  very 
able  paper»  but  the  author  was  rather  discoricerted  at  the  end  of  the 
meeting  by  finding  that  the  very  same  objections  with  regard  to  com- 
plescity  were  made  which  I  have  heard  made  this  evenJtig.  For  this 
reiif^ii  I  feet  like  tendering  my  personal  thanks  to  Profe*isor  Ayrlon  for 
his  very  abte  dtfence  of  complexity  when  complexity  i^  accompanied 
by  effect  ivenes*;. 

Mr,  AkoH  :  I  should  like  to  contlrni  Professor  Ayrton's  statement 
that  the  meter  as  we  turn  it  out  to-day  is  an  cnerg)*  meter.  I  should 
also  like  to  meet  Mr.  Boot  and  Mr.  Ferranti  with  regard  to  noise*  It  is 
father  satisfactor>'  to  us  that  the  otd^^  objection  that  can  He  raised 
;igainst  our  instrument  is  that  small  one  about  the  noise.  It  seems  to 
me  that  it  is  rather  hypercrittcaJ  for  a  consumer  who  wants  an  accurate 
measure  to  raise  a  point  about  the  noise  in  the  instrument.  As  far  as 
this  country'  is  concerned,  I  do  not  think  w*e  have  had  it  >eriously 
brought  before  us  except  in  the  case  of  alternating-current  circuits, 
where  in  the  winding  gears  we  have  had  some  slight  trouble  in 
a.r ranging  and  adjusting  the  exact  periodicities  of  which  there  arc  so 
many  in  use  in  this  country.  Under  these  circumstances  we  have 
found  it  necessary  to  do  a  certain  amount  of  work  in  order  to  produce 
an  instrument  which  will  not  make  a  noise  when  winding  up,  that  is  to 
saVp  that  will  not  make  a  noise  loud  enough  to  he  heard  when  the  case 
is  on  the  instrument*  Hence  I  think  Mr.  Evershcd  need  not  trouble 
himself  altout  the  very  perfect  instrument  that  he  has  made  as  regards 
the  noise,  because  if  that  is  the  only  point,  I  can  fissure  him  that  out  of 
the  thousands  of  meters  we  make  and  sell  in  this  country  ttierc  is 
but  a  very  small  numtKT  of  cases  where  the  question  of  noise  is  raised* 

Mr,  W.  H.  Everett  Icomninnimtctfl  :  Much  tngenudy  and  ^kill  is  ut.  z^tnih 
shown  in  the  design  of  this  meter,  and  the  friction  obtained  is  remark- 
ably low*    It  is  to  l>e  hoped,  however,  that  ^me  substilute  may  l>e 
found  for  iridio-platinum,  if  the  tnctvr  is  ever  to  be  made   by  tlie 
thous;iud. 

I  would  suggest  that  the  main  coil  will  give  the  strongest  torque 
if  each  half  of  the  coil  is  wound  in  the  shape  of  a  slice  (p.irallel  la  ttic 
axis)  of  a  tiollow  cylinder,  so  ai^  to  ill  closely  round  part  of  the  surface 
of  the  rotating  drum,  The  two  halves  would,  of  counic,  be  placed  one 
on  cither  >ide  of  the  astle*  The  Ikld  of  cylindrical  coils,  referred  to  in 
the  AppcndiXi  is  a  subject  which  I  di^ussed  some  time  ago  In  a  com- 
paratively siiniple  way,  uilhmi  spherical  harmonics.'  In  a  coil  such  as 
shown  in  Fig.  7,  the  lield  close  to  the  inner  surface  of  the  winding  is 
about  double  tl»at  at  the  centre  ;  which  shows  the  reason  for  the 
suggestion  made  above* 

1  hope  the  uieler  is  supplied  with  a  ca^e  that  is  dust-tight.  This  is  a 
weak  point  in  sevcm!  meters.  The  alteniate  he-iting  and  cooling 
draws  In  fresh  air  continually,  and  consequently  dust,  unless  this  is 
excluded  by  the  aid  of  cotton*wool  or  baizep  or  otherwise. 

The  curves  in  Fig-  u  show  extraordinary  constancy  and  imiformity, 

CSS  are  rarely  met  with  in  meters  of  the  best*  known  typc^ 
*  Ekcincul  Bngimcf,  Jan.  ft,  m>7.  ^ 
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The  PRKSIOENT :  The  time  has  come  when  we  must  adjourii.  and 

tht-refore  I  now  ^k  Mr.  Evurshcd  to  reply  to  the  criticisni^  ' 
been  made.  I  will  murely  interpose  one  word,  ami  th^t  is  ki 
congratulations  which  have  been  oflfcred  to  him  on  tbis  piip^i.  If 
obviously  represents  a  very  large  amoaiit  of  very  careful  thougttt:  of 
much  experimL-ntinii,  and  of  great  care  and  attention.  In  offering 
our  congratulations  to  Mr.  Evcrshed^  I  thiok  we  may  honestly  wish 
tliat  those  efforts  may  be  crowned  will)  material  success.  One  won! 
more  about  tlie  criticism  as  to  noise,  As  a  consumer  of  electri€it>%  I 
have  in  my  house  a  meter  wliich  is  one  of  those  which  makes  tick^,  and 
I  am  rather  jyjlad  it  is  so,  because  walking  across  my  basemen!  h^tll  A 
the  dead  of  night  a^  I  lock  up  before  I  go  to  bed^  1  hear  that  mctcf 
tick,  or  if  I  do  not  hear  it  lick  I  know  something  is  wrong,  and  1  look  at 
the  reading  to  sec  how  many  hundred  pounds^'my  meter  has  charged 
against  me  since  it  was  iast  read.  There  is  some  advanbigc,  a^  I  have 
found,  in  having  a  meter  which  ticks. 

Mr,  S.  EVERSHED*  in  reply,  said;  I  greatly  appreciate  the  eordial 
reception  accorded  to  my  paper,  and  I  am  particularly  sensible  of  the 
kindness  with  which  Mr.  Ferranti,  Mn  Aron,  and  others  have  spoken  uf 
my  work. 

Mr.  Ferranti  made  some  interesting  remarks  about  his  meter  and 
gave  an  example  of  its  frictionlcss  behaviour*  I  hardly  think  he  could 
have  expected  us  to  calculate  the  friction  mo%'ement  from  the  data  he 
ga%'e,  and  in  the  absence  of  any  precise  fjgures  with  regard  to  the  fric* 
Hon  moment  and  driving  torque  in  the  Ferranti  meter  it  is  imposabk 
to  say  whether  it  deserves  to  be  called  *'frictionless/'  At  all  events  it 
seems  to  require  an  initial  torque  to  start  it,  this  being  pro\ided  cltticr 
by  a  permanent  magnet,  residual  magnetism,  or  a  shunt  circuit  wioditig. 
1  gather  therefrom  that  the  friction  is  not  negligible. 

Inventors  have  a  way  of  working  in  I  he  dark  as  regards  possibk 
forerunners  in  the  same  field,  and  hence  it  was  that  only  after  the  com- 
pletion of  my  first  successful  meter  with  a  magnetically  suspended  md 
pivoted  axle  did  it  occur  to  me  to  hunt  up  the  records  and  ascerUin 
what  bad  been  done  by  others.  It  \%*as  then  that  I  discovered  how  Mr* 
Ferranti  bad  years  ago  patented  various  devices  for  suspending  the 
axles  of  meters.  Of  these  devices  Mr.  Ferranti  lias  very  frankly  told  us 
several  were  very  bad  forms  for  suspending  the  armature  of  a  meter. 
but  that  one  among  them  was  concentric  and  therefore  good.  [  hoi^ 
Mr.  Fenanti  will  forgive  me  for  being  equally  candid  andagrceingvuib 
him  in  everything  he  said  excepting  only  in  this — I  cannot  make  an 
exception  in  favour  of  his  concentric  suspension.  That  also  is  Ixid  asa 
suspension  for  a  meter  axle^  although  quite  possibly  good  us  a  suspcn^n 
for  the  shafts  of  heavier  machines. 

It  seems  to  be  generally  agreed^  among  those  speakers  whorcprej$£ist 
rival  meters,  that,  however  perfect  my  meter  may  be  as  a  piece  <ji 
mechanism— whatever  degree  of  accuracy  may  be  attained  In*  nteais?'  ef 
that  perfection — the  frictionless  meter  introduced  to  you  this  evening ts 
too  complicated  for  ever^'day  use.  Now  I  do  not  think  I  could  possibly 
put  the  advautages  ai^d  d\^ii'3k\^^x>X-3L^^%  cA  't^w^T^Xvci.U^m  before  you  mofc 
clearly,  certam\y  wol  mote  igi\c\>itt^\it\'^\  >Xi>x^  ^^^sss^x  li^xj^^^Taai 
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done.  Mr.  Lockwood  did  well  to  draw  our  spedal  attention  to  the  value  Everahcd. 
of  Professor  Ayrton's  remarks  in  defence  of  *'  complexity  when  accom- 
panied by  effectiveness/'  That  h  really  the  sole  criterion  of  Ihe  merit 
of  any  mechanism — its  effectiveness.  What  is  effectiveness  in  a  meter  ? 
It  seems  to  me  that  to  be  effective  a  meter  should  be  accurate,  and  that 
it  should  run  for  many  years  without  attention.  Now  I  was  told  quite 
recently  by  one  station  engineer  that  the  meters  at  present  in  use  require 
overhauling  and  testing  about  once  a  yvAv,  Another  engineer  to  whom  I 
mentioned  this  experience  said,  "  If  it  were  only  once  a  year  I  would  not 
tnind  so  much."  If  that  is  a  true  indication  of  the  behaviour  of  the 
avenige  meter  in  use  to-day.  it  docs  seem  to  me  that  some  improvement 
is  needed*  In  my  meter  I  have  secured  abundant  accuracy  by  relieving 
the  motor  of  every  duty  save  one.  It  simply  has  to  overcome  the 
torque  of  the  brake ^  hence  it  always  revolves  at  the  right  speed.  It  has 
nothing  to  do  with  the  counlin|T  train.  Then,  again,  the  reciprocating 
lever  has  only  to  drive  the  train.  So  long  as  it  has  enough  force  to  do 
this  the  train  must  register  correctly.  The  lever  and  train  have  abso- 
lutely no  influence  on  t lie  speed  of  the  meter*  Hence  there  are  in  my 
nieter  two  distinct  mechanisms  each  of  a  simple  character,  each  having 
one  and  only  one  function  to  perform.  In  that  way  an  accuracy  has 
been  attained  which  has  never  been  reached  by  any  previous  motor 
meter.  But  at  the  same  time  another  equally  important  end  lias  t>een 
secured.  The  reduction  of  meclianical  friction  has  so  enormously 
dimtnishcd  w*ear  and  tear  that  one  may  reasonably  expect  the  "  friction- 
less"  meter  to  run  from  5  to  15  years  without  any  adjustment  or 
attention.  Mr.  Boot  has  told  us  that  engineers  do  not  sufhciently 
appreciate  the  financial  value  of  a  good  meter.  Perhaps  it  will  help  us 
to  a  proper  appreciation  if  I  mention  that  in  the  case  of  two  types  of 
motor  meter  at  present  largely  used  the  makers  actually  state  in  the 
instructions  sent  out  with  the  meters  that  the  commutator  should  be 
carefully  cleaned  and  the  brushes  adjusted  every  time  the  meter  is 
visited  for  the  purpose  of  reading  the  indices.  In  the  case  of  one  of 
these  meters  it  is  also  re conmi ended  that  at  the  same  time  the  jewel  in 
the  step-bearing  should  be  removed  and  examined.  In  one  meter  Ihe 
commutator  and  step-bearing  are  actually  arranged  outside  the  meter 
case  in  order  to  facilitate  these  frequent  examinations  and  adjustments. 
These  w*ould,  no  doubt^  be  called  simple  meters,  but  what  is  the 
financial  value  of  their  simplicity  ?  The  financial  value  of  simplicity 
may  be  negative,  as  it  clearly  was  in  the  case  of  Alfred  the  Great's 
candle. 

Of  course  complication  influences  cost  to  some  extent ;  but  that 
is  a  matter  which  concerns  the  nianufaclurer  alone.  If  he  can  make 
the  meter  and  sell  it  at  a  reasonable  price,  surely  the  user  need  not 
trouble  himself  aliout  the  cost  of  complexity.  His  sole  concern  is  with 
the  effectiveness  of  the  mechanism. 

Several   speakers  have   referred   to   the   ticking  of    meters.     The 
reciprocating  lever  in  my  meter  makes  a  lick  every  time  it  strikes  the 
stops  which  limit  its  stroke.    These  stops  are  bras*s  \\vw&,  B.T\d  w^X.xsis'a^^^s 
the  ticking  is  audib/e  when,  as  in  the  meter  on  ihc,\afc\e^\N\^  Q,^'sfc\\-a.^ 
bc^u  removed  in  order  thui  you  may  examine  ^^  tnotV^,    N<I\V\x  ^x^'o^^ 
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or  Icuther  stops  the  Ucking  i:*  quite  inaydihlc<  Of  course  the  tkkmg 
ceases  when  the  Joad  is  cut  oii^so  that  a  niTvoiis  consumer  would  he  in 
no  dnngcr  of  sleepless  nights.  In  this  respect  my  meter  differs  from  the 
Aron  meter,  in  which  the  ticking  of  the  two  pcnduiiims  goes  oo  diiy  dud 
night,  load  or  no  load,  :ind  there  is  in  addition  an  intermittent  convul- 
sive click  due  to  the  seif- winding  gear.  When  attempting  to  test  I  lie 
accuracy  of  an  Aron  meter  by  counting  the  number  of  beats  one  pendu- 
lum makes  m  excess  of  the  other  in  a  given  time,  I  found  thi^  click  of  tlic 
winding  gear  peculiarly  distracting  ;  so  much  so  that,  in  despair,  I  gnve 
up  testing  the  meter  at  hght  loads.  I  made  a  test  at  full  load,  found  ihc 
meter  was  accurate  and  assumed  it  must  be  so  at  any  smaller  load.  I 
hitve  no  doubt  whatever  that  it  was,  since  it  is  a  meter  with  a  definite 
law. 

The  Stanley  meter  interested  me  from  the  moment  my  attention  WTti 
drawn  to  it  by  the  Examiner  of  the  United  States  Patent  Office,  and  I 
was  verj'  glad  to  hear  Mr.  Mordey^s  remarks  upon  it,  although  1  could 
not  tielp  regretting  that  he  did  not  give  us  some  facts  and  figures  as  well 
as  generalities.  Of  course  one  knows  that  the  Stanley  meter  is  **  very 
nearly  frictionlcss/'  All  motor  meters  are — so  their  makers  say,  I  wish 
Mr,  Mordcy  could  have  told  us  what  the  friction  actuaHy  is  iu  the 
Stanley  metcr»  and  what  ratio  it  bears  to  the  driving  torque.  We  should 
then  have  been  in  a  position  to  estimate  its  accuracy  at  any  load.  Mr. 
Mordey  also  forgot  to  tell  us  how  nmch  powxr  is  spent  in  the  pressure 
circuit  of  the  meter  and  what  voltage  drop  there  is  over  the  mam 
current  coils  at  full  load — details  which  arc  essential  if  we  are  compar- 
ing one  meter  with  another. 

Mr.  Mordey  believes  in  mercury  meters  for  direct  ciurents  and 
induction  motor  meters  for  alternate  currents,  I  cannot  altogether 
agree  with  him  there.  Mercury  as  a  means  of  leading  current  to  thtf 
rotary  part  of  a  meter  has  many  drawbacks  besides  the  cxcessi^ic  fric- 
tion it  introduces.  For  alternate*current  work  the  induction  motor  has 
many  advantageSj  no  doubt,  but  as  a  motor  for  a  meter  most  of  its 
characteristic  advantages  tend  to  vanish.  Of  course  the  absence  of  i 
comnmtator  is  a  rather  attractive  virtue,  but  even  this  is  only  purchased 
at  the  expense  of  something  else.  As  every  one  knows,  it  is  of  gteat 
importance  that  an  alternate-current  meter  should  correctly  register  the 
work  dune  both  on  non-inductive  and  inductive  loads.  It  should  also 
be  as  neiu^ly  as  possible  independent  of  frequency.  To  secure  this  in  an 
induction  motor  meter,  the  field  due  to  the  pressure  circuit  must  !>c  a> 
nearly  as  possible  a  quarter  period  behind  the  lield  due  to  Ihc  main 
current.  Hence  we  fmd  makers  either  use  a  laminated  iron  core  declm- 
niagnet  to  give  the  pressure  field^  or  corelcss  copper  coils  in  series 
wilh  ;m  iron*cored  choking  coil  to  secure  the  required  ditference  In 
phase  ;  in  either  case  there  is  a  constant  waste  of  power  in  tlie  iron  core 
in  addition  to  the  C'R  waste  in  the  exciting  coils  To  secure  suffieient 
phase  difference  the  pressure  circuit  must  be  wound  sottiat  lli' 
^L  is  at  least  ten  times  the  ohniic  resistance.  Assuming  tht^*  j 
power-factor  oi  the  pve^smt  cx^cmVWs^W  Vi\V  ^t  about  MO,  so  thai  the 
i-rcssurc  current  wvW  amo\\\\l  \o  no ^'su^^iT^Ao^  ^i\vs:VN^vv-wi.^ii4:U\^K^^ 
nd  hysteresis  \n  lUc  v^csm^^  c\tow?t^>cv^u  <:iT\^\«5-^^\v,w^!^ss^  -^^s^ 
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necessitates  a  large  amount  of  copper  in  the  windings  in  order  to  keep  E^c^i^e^ 
down  the  C*R  loss,  and  I  doubt  if  any  induction  motor  meter  lias  yet 
been  made  with  so  small  a  constant  pressure  circuit  loss  as  i  watt.  As 
a  rule,  the  core  loss  and  C'R  loss  together  will  be  fotsnd  to  amount  to  3 
or  4  waits  tf  not  more,  and  to  this  must  be  added  the  CHi  loss  in 
the  armature  due  to  the  current  generated  by  the  pressure  field— a  loss 
which  is  of  course  always  going  on. 

Assuming  the  waste  can  be  brought  as  low  as  2  watts,  the  current 
taken  by  the  pressure  circuit  will  be  --lo  ampere  as  against  *ot  ampere 
for  the  "  frictionless  "  meter,  Imaj^ine  a  high-teusion  alternate-current 
station  supplying  at  1,000  volts.  For  each  1,000  induction  motor  meters 
on  their  mains  there  wilt  be  a  day  and  night  output  of  ao  amperes,  as 
against  r  ampere  if  "  frictionlciss  *'  motor  meters  are  in  use. 

The  only  alternative  to  cxcesifive  waste  in  the  pressure  circuit  of  an 
induction  motor  meter  is  to  cut  down  the  pressure  field  and  obtain  the 
required  driving  torque  by  increasing  the  turns  on  the  main  current 
coils.  This,  of  course*  only  lead^  to  a  new  trouble,  namely,  excessive 
voltage  drop  at  full  load.  One  of  the  early  makers  of  tins  type  of  meter 
had  the  hardihood  to  assert  that,  although  there  w^is  a  large  drop  in  his 
meter,  it  was  all  due  to  the  self-induction  of  the  current  coils, and  there- 
fore did  not  reduce  the  volts  on  the  lamps  I 

As  an  example  of  the  indifference  of  meter  makers  to  such  an 
important  point  as  the  voltage  drop,  I  may  mention  that  in  one  of  the 
best  know*n  alternate-current  meters  in  the  market  the  drop  at  full  load 
is  as  much  as  57  volts  at  100  periods,  and  over  3  volts  at  50  periods. 
I  obtained  these  figures  by  actual  measurements  made  upon  a  loo-'voU 
I0*ampcrc  meter. 

Mr.  Schattner  very  naturally  contrasts  the  apparent  complexity  of 
my  meter  w^ith  the  apparent  simplicity  of  his  own  electiolytic  meter. 
It  is  true  that  an  electrolytic  meter  Jooks  very  simple,  but  this  is,  I 
think,  due  to  the  evasion  of  many  problems  w*e  meter  makers  are 
engaged  in  solving.  An  electrolytic  meter  cannot  be  sealed  up  and 
dcbvered  to  the  suppfy  station  ready  for  use.  U  requires  far  more 
constant  attention  than  even  defective  motor  meters,  and  even  with 
skilled  attention  it  is  liable  to  be  very  messy.  The  cost  of  all  this 
attention  and  upkeep  must  be  capitalised  and  added  to  the  prime  cost 
before  we  can  say  it  is  a  cheap  meter. 

The  arrangement  of  the  main  coils  which  is  suggested  by  ^Ir. 
Everett  in  his  communication  is  the  otie  actually  used  in  the  meter,  but 
in  Fig*  7  the  two  front  bobbins  are  removed  in  order  to  show  the 
armature.  This,  no  doubt,  led  Mr*  Everett  to  suppose  that  I  was  only 
placing  current  coils  on  one  side  of  the  armature. 

The  method  of  calculating  the  field  of  coils  which  Mr.  Everett 
described  in  1897  is  a  very  useful  one  when  an  accurate  estimate  is 
essential,  but  what  one  usually  requires  is  a  rough  approximation  which 
can  be  arrived  at  in  five  minutes,  and  I  hardly  think  Mr.  Everett's 
method,  ingenious  as  it  is,  is  sufficiently  simple  for  evcr^^day  use.  ^ 

Before  I  sit  down  I  desire  to  thank  Mr.  Ewart,  who  ^v^i^-ssx^'Ji ^'e. 
drawings  which  are  reproduced  in  the  pap^r  a.nduV'jiLci  V\\^  d^^A^-a^^"^  ^'^ 
the  to/X    Mr,  EvF'urts  niasterpiecc  hangs  av^x  ^'nx^  ^Vi  ^^  -^-aKi.^V^sji^ 
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it  pre^^nU  a  ralher  pleasing  contract  with  the  masterpiece  above  it  I 
am  jUso  indebted  to  Mr.  Mather  and  Ut.  Duddell,  though  1  do  wot 
know  lit  what  proportion  1  am  indebted  to  those  gculicmcn  ka 
icndiHg  me  this  most  beautiful  arc-lamp  with  which  I  was  able  to  alicw 
you  the  frictionlci^s  bchavioitr  of  No.  2  meter. 

You  will  find  a  note  sandwiched  in  between  the  end  of  the  p-ifK^ 
and  the  bc^jinning  of  the  appendices,  in  which  1  have  cudcavmircr:!  to 
express  the  obligation  I  am  under  to  Mr.  Cox,  who  has  ch;4rgc  of  the 
experimental  department  al  Wocidfield  Works.  That  note  hirelv 
trxpresscs  my  indebtedness.  When  two  people  have  b**cn  workitij: 
together  as  Mr.  Cox  and  I  have  been  upon  the  meter  for  the  last  three 
or  four  years»  it  is  very  difficult  indued  for  them  to  divide  tlic 
respoiif!,ibiljty  for  the  result  of  their  labonni.  Any  credit  there  mav  Ix 
attached  to  the  design  of  the  melLi  niubt  be  Hhared  iTtrtwecn  us,  I  do 
not  see  ray  way  to  divide  it  in  any  way,  and  1  tiope  you  will  not  do  50 
cither,  1  sliould  like  to  draw^  atteiUion  to  this,  that  wbcti  wc  fotind 
that  the  ordinary  commutator  with  brushes  needed  some  alteration  iti 
order  to  make  it  good  and  serviceable  in  the  meter,  it  so  happened  that 
I  was  working  with  eliL^tic  roller- brushes  applied  to  the  generator  used 
in  a  certain  testing  set  with  which  you  are  probably  familiar,  I  have  a 
sample  of  the  new  generator  here  on  the  table^  fitted  with  clastic  rolkf* 
brushes.  These  brushes  worked  so  admirably  that  it  occurred  to  rue 
that  w*e  ought  to  be  able  to  apply  a  simiLu  kind  of  roller- brush  to  tbt' 
meter,  and  I  set  Mr.  Cox  to  work  to  make  some  very  light  eUistic 
rollers  and  apply  them  to  t!ie  commutator  of  the  meter.  I  found  ilf, 
Cox  one  day  very  unhappy,  because  he  could  not  make  the  elastic 
roller  light  enough.  He  said,  '*  Let  me  make  a  rigid  roller,  and  mate 
Ihe  commutator  clastic,"  1  thought  that  would  do  ;  anyhow,  we  would 
try  it.  We  have  never  tried  anything  else,  and  I  do  not  supjiose  wc 
ever  shall.  The  idea  is  simply  perfection,  That  is  really  doe  to  Mr, 
Cox*s  fertility  of  resource,  and  I  am  ver)*  glad  to  see  that  it  pleased 
several  of  the  speakers.  1  am  sure  that  you  will  all  iidmirc  it  when  you 
sec  it  working  in  the  meter. 

I  think  I  have  now  touched  upon  ;lI]  the  points  raised  in  the 
discussion,  and  I  have  once  more  to  thank  you  for  Ui€  reception 
you  have  given  to  the  paper. 

Tfie  Pkesidekt  r  I  now  ask  you  to  pans  a  hearty  vote  of  (hauks  to 
Mr.  Evershcd  for  his  most  admirable  paper* 
The  vote  was  carried  by  acclamation. 

The  President  announced  that  the  scrutineers  reported  the  folli  »uiiin 
candidates  to  have  been  duly  elected  ;— 


Associate  Manbtm 


Edward  Winram  ViicVm'iou. 
Krncsl  Albert  KWvcoU, 


\ 


\^Vvtv  \amcs  Mann, 


James  Young  Fletcher, 
Joseph  Rayner  Gibson. 
Edgar  Green. 
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Associate  : 


m 


Henri  L.  Joty. 

EruLSl  R.  Malthews,  CE-,  F.G.S* 
Albert  Ernest  Preston. 
S.  R.  A.  Wood. 


Students: 


George  Bewscy  Dyke, 
Frank  Herbert  Fitt. 

Ernest  Lloyd  Hocking. 


Frederick  John  Holmes. 
Richard  A  maud  Kennedy. 
Henry  Felix  Northcote, 


The  Three  Hondred  and  Forty-mntli  Oniinarjr  General 
Merting  of  the  lostitnticw  vas  held  al  Ifae  InsHlutioo 
<rf  Mechaimal  Enffnetx%  Storey's  Gate,  W^tminstcr, 
on  ThoTiday  crentj^  May  17th,  1900,  Prolessor 
SiLVA^'irs  P.  Thompson,  RItS.,  President^  in  the 
Chair* 

The  minat^  of  the  Ordinary  General  Meeting  held  on 
May  roth,  1900,  were  read  and  confirmed. 

The  names  of  new  candidates  for  ebctioti  into  the  Insli* 
tyfion  were  announced^  and  ordered  to  be  suspended. 

The  following  transfer  wzb  announced  as  having  been 
approved  by  the  CounciJ  : — 

From  the  class  of  Associates  to  that  of  Associate 
Members — 

Henry  J.  Rogefs. 

The  FRESfDEXT:  In  addition  to  the  transfer  which  has 
been  announced,  there  is  nom*  to  be  read  another  and 
aonii^what  long  list  of  transferSj  being  the  completion  of 
the  incorporation  into  our  own  body  of  the  members  of  all 
grades  of  the  late  Northern  Society  of  Electrical  Engineers, 
This  is  the  final  act^  if  I  may  call  it  so,  of  that  movement 
which  brings  now  to  us  such  a  gratifying  increase  of  our 
memliers,  and  strengthens  our  hands  in  the  district  in  and 
around  Manchester,  It  is  a  matter  of  great  congratulation 
to  the  Council  that  this  incorporation  should  have  been 
carried  through,  and  we  fed  we  owe  a  distinct  debt  of  grati- 
tude to  the  Officers,  the  Council,  and  the  Hon.  Secretary 
of  the  Northern  Society,  \vho  have  co-operated  with  us  in 
such  a  satisfactory  and  cordial  way  in  smoothing  over  all 
the  difficulties  which  otherwise  might  have  occurred,  pulling 
together  with  us,  and  enabling  us  to  bring  to  a  conckision 
this  somewhat  delicate  negotiation.  The  Council  has  ac* 
ceptefl  the  transfers  of  a  considerable  number  of  names  into 
the  various  grades,  and  there  remain  only  a  few  more  names 
to  be  brought  up  on  some  subsequent  occasion,  names 
which,  for  reasons  I  need  not  go  into,  have  been  left  for  a 
future  decision,  I  think  there  are  about  a  dozen  names  yet 
to  come  up^  bu\  tV\e  ^teaV  \io^ii.^  <&\  "^^^  t^^^ubership  is  now 
transfer!  ed  as  ^OU  ^^'v\\  \\e^t,    TVe%X^^^\t^  i^^asL  xase.m'oftE- 
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ship  now  actually  on  the  register  66  additionnl  nnmes,  jind        ^H 

I  believe  there  are  several  more  to  come,                                        ^^M 

^k     The  Secretary  then  read  the  list  of  names  as  follows  :—       ^H 

Members  of  the  Northern  Societv  of  Electrical  Engineers        ^^M 

^^                                             Transferred.                                                      ^^H 

^m                                To  the  Class  of  Members  :—                                           ^^| 

0       J.  B.  Atberton, 

Hot>crt  Matthews.                            ^H 

A.  R.  Hullamy. 

Charleis  S.  Northcoto.                      ^^M 

A.  B.  Blackburn. 

A.  B.  Pescatore.                                ^H 

H        Thomas  Browett. 
"        JameiJ  Connolly. 

T.  L.  Pescatore.                                ^H 

Muntagne  Tabor  Pickstone,            ^^H 

John  T.  Connolly. 

Roland  3.  Portheim.                        ^H 

J.  F.  L,  Crosland. 

Percy  Roshng.                                 ^H 

G.  SL  John  Day. 

Godfrey  B.  Samuelson,                    ^^H 

H        Frederick  Charles  Gibl-sons. 
■        Joseph  Flatt  Hall. 

Joseph  F.  Simpson.                         ^^H 

Reginald  Arthur  Smith.                   ^^M 

Tom  Hawkins. 

William  Stead.                                 ^H 

George  Hill. 

A.  Still.                                             ^H 

William  Lawrie. 

F.  Thursficld.                                 ^H 

^.         Herbert  Lindley. 

Frederick  Whiteluy,                       ^H 

^M                           To  the  Claims  of  Associate  MLunbers . —                                   ^^| 

H        Herbert  G.  Baggs. 

T.  G.  Littlcboy.                               ^H 

^1        John  D.  Bailie. 

Alexander  Marr.                              ^^M 

^H        George  Barnard. 

E.  A,  Paris.                                         ^H 

■       A.  B.  Brook. 

Edwin  Parker.                                 ^^H 

^H        George  BroughalL 

Philip  C.  Pope.                                ^H 

^M        S.  H.  Carson. 

W.  F.  Price.                                     ^H 

^M        John  Darney. 

Francis  E.  Procter.                         ^^M 

H        W.  M.  France. 

P.  A.  Ramage.                                  ^^M 

■        Alfred  E.  Garhutt. 

George  H.  Scholes.                           ^^M 

■        H,  W.  Hey  wood. 

John  Joseph  Tinker.                       ^^M 

^B       Samuel  Jones. 

Roger  H.  Willis.                             ^H 

H                                  To  the  Class  of  Associates  :—                                         ^^ 

^P        G,  L,  Achunson. 

David  S.  Mitchell                           ^H 

^M         H.  Anderson. 

Frank  W.  Page.                                ^H 

H        Albert  Batter-^by. 

John  B.  Parkinson.                          ^H 

■         Charles  W.  V.  Biggs. 

Sydney  Payne.                                 ^^M 

H         E.  J.  H.  Christie. 

F^ol>ert  Shaw.                                    ^H 

^^        S.  Hartford. 

A.  F.  Stephenson.                           ^^M 

■        E.  L.  Lilcy. 

Arnold  Sugden.                                 ^^M 

^H        Andrew  L.  Lind< 

.\lbcrt  WLlkinson.                           ^H 

W      Mr.  C,  S.  Thomson  ^nd  Mr.  H.  W,  Wilkinson  were  a^-           I 

pointed  scrutineers  of  the  ballot  lot  ft\e  <£V^c\\^^  ^^  ^^^         1 

members,                                                                                           ■ 

im  ELECTWCAI-  CON'GRESS  IX  PARIS.  'May  llth, 

A  donation  to  the  Library  was  announced  as  hav^iogbecn 
received  i^tncc  the  last  meeting  from  Mr,  W.  H,  Lindley,  and 
to  the  Htiiiduig  Fumi  from  Mr,  J.  Macleani  lo  whom  Uic 
thanks  of  Ihe  meeting  were  duly  accorded. 

The  Presidekt:  I  received  ;*  couple  of  days  ago  a 
letter  from  M.  Mascart^  the  President  of  the  Electrical 
Congress  which  is  to  be  held  in  l^Avh  in  August,  and  to 
which  our  Institution  is  sending  delegates.  M.  Mascart,  as 
you  remember,  is  elected  as  one  of  our  Vice-Presidents  for 
the  coming  year-  The  letter  which  he  has  addressed  to 
me  relates  to  contributions  from  possible  English  writers 
to  be  read  at  the  CongresSp  and  contains  the  foUow^ing  para- 
graph : — 

"  Potir  (ACihtvr  Ics  discubsionii  im  C^Jngrts  d'cJcctricitt-,  tioiis.  airons 
pctisc  qu'il  ?*crait  tr^s  utilt?  d'avoir  unc  ^tw  de  rapports  sur  les  quts^ 
tioits  qui  prciienlcnl  k*  plus  d'actualite.  yuelmies-uns  de  nos  cotle^gues 
nou*  ofit  fromis  dtp  da.  renames  stir  !es  sujets  suivant^  :— 

I.  Recapitulation  des  decisions  des  Congres  anterieurs  sin*  Irs 
grattdeiirs  ct  Ics  unites, 

a.  Sur  la  phatometrie. 

3,  Sur  Ic  coupl^ge  dc:»  aJlcrnateiirs. 

4*  Sur  Ics  lainpcj*  elect riques, 

5*  Sur  ks  prises  dc  coiirant  pour  tramways. 

6,  Sur  k»s  commutatricvs  cl  transformaleurs  redresseurs. 

7,  Sur  remploi  des.  condensatcurs* 

8,  Sur  ks  generatrices  asynchrones  et  sur  le  compound;tge  dc^  alicr- 

nateurs. 

9,  Sur  la  galvanoplastie. 

10-  Four^  eiBplo_ves  a  la  production  du  carbure  de  caltnum, 
II.  Telegraphic  sans  fil 

**  Noii!^  dislribuerons  dans  quelques  jours  un  prograinjiie  pins  dt- 
taiile  pour  k^  CongreSp  contprcuant,  autant  qu'il  nous  a  paru,  toulc^  les 
queslions  qui  se  pretcraient  a  des  communkations*  mats  cc  progrAmmc 
n'cst  pas  limitatif. 

*' n  serait  interes^ntque  nous  puissions,  en  memc  tomps  que  les 
rapports  precedents,  faire  imprimer  ct  distribucr  aux  membreii  du 
Cangrcs  avant  les  seances  d'autres  rapports  prepares  par  des  ckctriciens 
anglais  sur  des  sujcts  a  Icur  choix,  Ccs  rapports  pourraient  etre  Lrc> 
courlSi  <lc  8  a  12  pagc^  par  cxemple*  et  uous  aurioiis  grand  plaisir  a  Id 
recevoir.  On  cu  ferait  la  traduction  et  T impression  en  envoyai\t  une 
cprcuvc  a  rautenn 

**  Vous  pourriez  pcitt-etre  soulever  cette  question  devant  la  Socictc 
des  in|?cnicurs  iVcclncieiv^  ct  uous  y  recruter  qudques  rfsdactcnrs* 
doal  chacun  travterait  vw  ^M^ytK  ^t  ^  ^iam^^i£^^s:&,  ^  ^^^3^  comf>toai 
hjcn  que  vgus  doni\ctiez'vo>3kvm^m^^^^^'^^^" 
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The  Council  has    decided,   having    now  put  before   the 

membership  this  letter  inviting  contributions  for  the  Con- 
gress, that  all  British  members  who  propose  in  this  way  to 
respond  to  this  invitation  and  to  prepare  contributions  to 
be  read  at  the  Congress,  should  be  invited  to  submit  the 
papers  beforehand  to  the  Committee  of  the  Council  which 
was  appointed  some  time  ago  for  dealing  with  matters  in 
connection  with  the  Paris  Congress. 

I  now  call  upon  Mr,  Eborall  to  read  ns  the  paper  which 
he  hiis  prepared  on  **The  Alternating-Current  Induction 
Motor/' 


ALTERNATING-CURRENT    INDUCTION    MOTORS. 


I 


By  A.  C.  Eborall,  Associate- 


I 


In  the  following  paper  some  practical  points  connected 
"With  tlie  conMruction,  design,  and  performance  of  modern 
single  and  polyphase  induction  motors  are  (irst  considered, 
and  then  follows  a  brief  consideration  of  some  recent 
developments  in  this  branch  of  electrical  engineering.  The 
author  originally  intended  to  submit  a  short  paper  on 
starting  devices  for  singlf-phase  motors,  but  it  afterwards 
occurred  to  him  that  it  might  prov^e  of  interest  to  bring  up 
the  whole  question  of  alternating-current  induction  motors 
for  discussion,  as  the  subject  is  of  considerable  interest  to 
many,  and  has  been  somewhat  neglected  in  this  country 
up  to  the  present* 

[  On  the  other  hand,  some  apology  is  needed  for  pre- 
??cnting  such  u  paper  to  the  Institution,  because  there  is 
little  that  is  really  iicw  in  this  branch  of  electro-technics. 


PART  r. 
The  CONSTRUCTfON  of  Inductiom  Motors, 


(A)  IroH^warL  The  design  of  the  iron- work,  that  is,  of 
the  stator  and  rotor  cores,  motor  case,  bearings,  etc,,  is  the 
same  for  all  motors,  single  or  polyphase,  because  a  single- 
phase  motor  is  practically  a  polyphase  motor  running  on 
one  phase.i     The  general  design  of  all  induction  motors 

'  Whilt*  this  b  pcriedly  Ini^^  and  alUiougb  Vhe  g^enevai  c^Q\aVtw:JCvawA\voE^ 
f  simile  m  facti  dsCf  it  must  be  borne  m  itui^  Ihal  lat  gc^aX^t  <s^t^\vi5^N» 
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with  regard  to  the  case  and  bearings  is  fairly  aniform  with 
all  makers.  Up  to  loo  horse-power,  and  for  pressures  not 
exceeding  i,ooo volts, most  standard  motors  are  semi-enclosed, 
the  stator  core-discs  being  built  np  inside  a  cast-iron  case, 
and  the  bearings  carried  on  open  end  shields.  Thus  Ihe 
motors  are  virtually  without  bed-plate.s.  Benirings  ^trc 
invariably  provided  with  ring  or  chain  oilers,  and  the  sleex^es 
are  of  gun-metal  for  the  small  size=i,  and  of  Babbitt  metal  for 
the  larger  sizes.  Shafts  are  frequently  case-hardened  in  the 
neck  and  afterwards  ground  true. 

For  larger  motors  than  joo  horse-powerp  and  for  volt;iges 
aboi^e  1,000,  a  more  open  construction  is  employed,  in* 
voiving  the  use  of  a  bed-plate,  to  which  the  stator  case  and 
the  pedestals  are  bolted.  In  this  case  the  bearings  are 
usually  spherical.  With  large  motors,  great  care  has  to  be 
taken  to  keep  the  bearings  absolutely  rigid  with  regard  to 
the  stator  case,  on  account  of  the  relatively  small  air-gap* 
For  instance,  for  a  300  horse-power  induction  motor  running 
at  200  revolutions  per  minute,  at  40  cycles,  the  diameter  of 
the  rotor  works  out  to  be  about  8  feet,  and  the  air-gap  (irou 
to  iron)  would  not  exceed  0-2  inch.  With  such  a  motor^  it 
is  absolutely  necessary  to  stitTen  the  pedestals  by  means  of 
arms  radiating  from  them  and  bolted  to  the  stator  case, 

Stator  stampings  are  usually  not  less  than  20  mils  in 
thickness,  and  are  built  up  with  or  without  insulation 
betv^^een  them*  Ventilating  ducts  are  usually  provided  in 
the  core  for  all  sixes  above  30  horse-power.  Rotors  are 
built  up  from  stouter  stamp ings^  which  need  never  be 
insulated ;  ventilating  ducts  in  them  need  not  be  provided 
for  motors  less  than  50  horse^powerp  on  account  of  the 
absence  of  iron  loss  in  the  cores  of  any  appreciable  amount. 

The  windings  for  both  stator  and  rott>r  must  always  be 
iron-cIad;  that  is,  the  cores  must  be  provided  with  holes  or 
slots.  In  Fig,  I  are  illustrated  some  typical  forms  of  stator 
holes  and  slots. 

The  form  marked  A  is  the  well-known  Brown  rect- 
angular  hole;  that   marked  B  is  used  by  Messrs.   Kolben 


be  lakcn  wild  the  cbsign  of  a.  single- phase  molorthaii  with  that  of  a  polyphaser 
ff  the  best  rcsulU  are  to  he  obtained.  The  had  effects  of  magnetic  I e.iJa^ 
arc  ktl  tut  nuyre  with  the  former  Ihiiii  wilh  the  Litter,  and  the  perfurmMiCc 
of  the  motor  ra  afftdiid  by  ^^piveuttv  in  sign  Hi  cant  details  of  desigQ.  How* 
ever,  a  very  iJotM  p.:A\\)\\iv'se  msA^T:  ^iKy.  vw^n  ■&.  t-ivnV^  ^c«xi  single-ptiasc 
moti^r,  as  a  general  ruVc, 
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&  Co  ;  that  marked  C  is  the  usual  shape  ii^ed  in  Ger- 
many ;  those  marked  D  and  E  are  American  forms; 
while  finally,  tfie  slot  marked  F  is  generally  used  in  the 
motors  built  by  the  author's  firm.  The  greatest  winding 
space  is  given  with  square-topped  slots — the  bottom  of  a 
slot  or  hole  is  best  kept  ronnded,  as  il  produces  a  morecv'^en 
poie. 

The  arguments  for  and  against  the  use  of  holes  and  slots 
are  as  follows: — With  the  employment  of  a  hole-winding, 


DH  £11  HI] 


im  Jill  M 


Flo.  I. 


the  magnetising  current  of  the  motor  is  reduced  to  a 
minimum,  because  the  inner  periphery  of  the  stator  is 
smooth  ail  round,  and  consequently  the  area  of  the  air-gap 
is  as  large  as  possible.  But  if  the  small  iron  Isridges  at  the 
bottom  of  the  holes  are  more  than  mere  shreds  of  metal, 
of  the  thickness  of  paper,  there  is  considerable  magnetic 
leakage  across  them,  w^hich  may  greatly  affect  the  performance 
of  the  motor.  In  order  tu  prevent  this  leakage,  not  only 
have  the  stator  core  discs  to  be  tooled  after  being  built  up, 
that  is,  a  cut  has  to  be  taken  off  the  bore  of  the  statorp  but 
the  interior  of  the  holes  has  to  be  filed,  av\d  ^o  V\\^  v\^\\ 
losses  are  unavoidably  increased*     A  ho\e-\Vv\\i\Tv%^^TO'^\\^^^ 
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a  somewhat  smoother  pole  than  a  slot- winding,  but  the 
former  is  much  more  difficult  to  wind,  and  the  condoctons 
lire  liable  to  get  injured  owing  to  abrasion  of  the  insulatkifi 
while  being  pulled  through,  especially  as  the  holes  get  nearly 
tilled  up  with  wires,  and  this  injury  may  easily  escape 
detection  at  the  time- 

The  only  real  objection  to  partly  closed  slots  is  the 
increase  of  magnetising  current  produced  by  their  use  (it 
will  generally  increase  lo-ig  per  cent,),  but  in  the  author's 
opinion  this  objection  is  far  outweighed  by  the  smaller  iron 
loss  and  greater  convenience  attained  witli  slot-windings* 

In  many  American  motors  the  slots  are  quite  straight,  as 
shown,  that  is,  their  sides  are  parallel ;  this  permits  the  ujie 
of  former-wound  stator  coils,  which  is  an  advantage^  but  on 
the  other  hand,  the  magnetising  current  of  such  motors  is 
relatively  very  high, 

A  hole-winding  is  open  to  another  objection — unless  a 
great  many  experimental  data  are  available,  it  is  impossible 
to  calculate  the  motor  in  question  accurately,  as  magnetic 
leakage  cannot  be  estimated  with  any  accuracy.  On  the 
other  hand,  the  performance  of  a  motor  having  open  or 
partly  closed  slots  can  be  accurately  predetermined  from 
the  drawings,  by  means  of  suitable  vector  diagrams,  such  ;is 
those  of  Heyland  '  or  Rothert, 

With  regard  to  the  relative  proportioning  of  stator  and 
rotor  holes  or  slots,  the  lengths  of  these  should  not^  it 
passible,  exceed  2|  times  the  width,  and  the  nearer 
they  approximate  to  square  or  circular  shape,  the  better. 
This  amounts  to  saying  that  the  winding  depth  must  be 
kept  down,  as  otherwise  the  power -factor  and  the  over-load 
capacity  of  the  motor  will  be  affected.  The  performance  of 
a  motor  at  starting,  particularly  if  it  has  a  permanently  short- 
circuited  rotor,  and  especially  if  single*phase,may  be  greatly 
improved  by  so  designing  the  rotor  that  the  slots  or  holes  of 
the  latter  are  not  parallel  to  the  holes  or  slots  of  the  stator — 
for  instance,  they  may  be  "staggered"  by  an  amount  not 
exceeding  their  pitch. 

This  constructional  feature,  first  put   forward  by    Mr, 


'  Refer  to  Pofyf kasc  El<»tlric  Currents  ^t ,  T^wjmpicini,  and  edition^  t^od  i 
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C,  E,  L.  Brown  about  six  years  ago^  is  used  with  all  the 
induction  motors  built  by  the  authors  firm,  including  the 
Heyhind  single-phase  motors,  as  the  results  of  many  tests 
show  it  to  be  of  considerable  value- 

The  insulation  of  holes  or  slots  is  usuaUy  effected  by 


iSmaiier  ^osl^  than  sScCtmr^ 


'M 
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means  of  insulating  tubes  of  compressed  paper,  fibre,  veneer 
board,  or  micanite,  tlie  latter  material  l^eing  of  course  best, 
but  not  necessary  for  low-tension  motors. 

The  building-lip  of  the  stator  core  in  the  motor  c^^'e^v?. 
an   important   feature  of   the   design^  a.v\d^  ttvox^oN^^TC,  fe^ 
deimk  connected  with  it  arc  frequently  ne^^cVeA.    "^'vc^^^ 
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the  staler  core-discs  should  always  be  supported  away  from 
the  case,  and  secondly^  after  having  been  assembled  logeOier, 
the  stampings  should  not  be  tooled,'  It  is  frequently  diffi- 
cult to  avoid  this  after-tooling,  more  especially  on  account  of 
tlie  absolute  necessity  of  having  everything  concentric,  and 
therefore  the  author  thinks  it  may  be  of  interest  lo  describe 
one  method  employed  by  his  firm,  as  it  has  be«ii  found  to 
give  excellent  results  from  all  points  of  view ;  the  method 
described  is  somewhat  modified  for  large  motors. 

The  stator  core-discs  are  first  stamped  out  of  the  sheet- 
'  metal  as  exactly  as  possible  (with  modern  American  tools 
great  accuracy  can  be  attained),  and  tlien  built  up  on  an 
iron  mandreK  After  this,  the  end  rings  rr  (Fig,  2)  are 
riveted  on,  the  whole  arrangement  put  in  the  lathe,  and  the 
four  projections  on  the  rings  a  a  turned  duvvn  to  the  rigtit 
diameter,  but  left  a  trifle  full.  The  case  of  the  motoCi 
already  turned  on  the  faces  b  6,  is  now  heated,  and  pushed 
over  the  core  in  this  condition^  so  that  after  cooling,  the 
shrinkage  of  the  case  holds  the  core  tightly  and  securely. 
But  to  make  everything  absolutely  certain,  two  or  three 
screws  s  fix  the  case  and  the  core  positively.  After  rhe  core 
is  fixed  in  the  case,  the  flanges  on  the  latter,  F  F^  are  turned 
down,  and  must  be,  therefore,  absolutely  concentric  and 
true  with  the  stator  bore,  and  true  with  the  axis  of  the 
latter.  Finally,  the  slots  and  end  rings  are  heavily  insulated, 
and  the  winding  put  in.  The  rotor  cores  arc  built  up  in  tlie 
ordinary  manner  on  the  shaft,  or  on  a  spider,  and  are  then 
put  in  the  lallie^  and  the  finest  possible  cut  taken  off  them* 
In  some  cases  even  this  cut  is  omitted,  any  slight  irregu- 
larity or  burr  being  removed  by  grinding. 

The  method  of  building  the  core  into  the  case  described 
and  illnslrated  above  will  readily  be  seen  to  possess  several 
advantages.  These  are,  first,  that  owing  lo  the  core  being 
supported  away  from  the  case,  leakage  through  the  latter  is 
minimised,  and  coiiJiequently  wasteful  eddy  cim-ents  ;ind 
other  detrimental  effects  are  avoided,  and  moreover  a  fret 
circulation  of  air  can  take  place  all  round  the  core  ;  secondlVi 
the  eddy  current  losses  in  the  core  and  teeth  are  reduced  to 
a  minimum,  and  approximate  very  closely  to  the  value 
obtained  by  calculation  ;  and  thirdly,  as  the  coreniiscs  are 


See,  liQWCver,  pv^Vwi-i  \c.^is3xk'5.  ■ttt^-'t*^^^^^ 
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built  Up  quite  independeuHy  of  the  motor  case,  the  width  of 
core  can  be  adjusted  within  certain  Hmits  to  suit  the  output 
of  the  motor — a  great  advantage  in  practice^  as  it  allows  a 

given  case  to  be  used  for  motors  of  several  sixes,  and  to  a 
certain  extent  permits  convenient  variations  to  be  made 
from  standard  designs, 

It  is  usual  with  some  constructors,  notably  with  Mr, 
Kolben,  to  make  the  end  rings  or  cheeks  of  the  stator  cores 
of  brass  or  gun-metal.  It  is  claimed  that  by  doing  this  the 
leakage  from  pole  to  pole  along  the  side  flanks  of  the  stator 
is  sensibly  diminished,  or  prevented  altogether, 

(B)  Windings.  The  stator*  and  rotor-windings  of  all 
modern  induction  motors  are  always  of  the  drum  typL% 
these  windings  consisting  in  all  cases  either  of  simple 
rectangular  coils,  or  regular  bar-windings,  or  modifications 
of  the  lutttT — for  instance,  the  so-called  squirrel  -  cage 
windings.  A  ring- winding  has  three  great  disadvantages; 
first,  it  has  an"  inherently  targe  leakage  coefhcient ; 
secondly,  its  use  necessitates  the  employmenl  of  a  massive 
brass  frame  around  the  stator  core  (in  order  to  niinimise 
magnetic  leakage)  and  it  practically  precludes  the  use  of  an 
external  iron  contain iug-case  for  the  stator,  thus  making  the 
mechanical  construction  of  the  motor  difficult  and  expensivej 
and  thirdly,  there  is  much  idle  wire. 

As  already  stated,  the  stator  coils  of  all  motors  are  wound 
either  in  holes  or  slots,  and  for  all  usual  sizes  of  motor 
these  coils  can  be  wire-wound  with  rectangular  coils.  With 
single  and  two-phase  motors  employing  wire  or  cable- 
wound  rectangular  coils,  there  will  be  two  ranges  of  coils, 
one  range  consisting  of  simple  rectangular  coils  with  straight 
ends,  the  other  range  consisting  of  precisely  similar  coils, 
but  with  bent  ends.  Tims  each  phase  of  the  motor  (with 
siiiglc-phasers  the  starting  coils,  occupying  not  more  than 
one-third  of  the  total  winding  space,  uxay  be  regarded  as 
the  second  phase  of  the  motor)  will  be  made  up  of  coils  of 
definite  shape,  the  coils  of  one  phase  being  bent,  at  the  ends, 
up  and  over  the  coils  of  the  other  phase,  in  order  to  clear 
them  ;  from  this  arises  the  workshop  terms  of  the  **  straight 
phase  '*  and  the  **  bent  phase,''  as  applied  to  two-phase  and 
single-phase  motors.  With  the  laUer  type  of  motor,  the 
'  tarting  phase  is  invariably  the  bent  pha^,ltom  moKvsi^'^^V 
convenience  in  winding. 


(Mat  im. 


With  t«o*plki^  and  sm^lc^pkast  mcta^  it  ts  u^ual  lii 
mnd  all  the  pofas;  tioi  tw  cwwiiieriqg  ooe-pikasr  only*  tbc 
coib  of  tliis^  win  be  wound  alleraaildir  r^i  and  lefi-tuuided 
with  regard  %o  Ae  <finectioa  of  the  cmrcsxt  to  tbcm^  that  ii| 
they  win  he  croes  coonccted  in  llic  iBital  manner. 

It  ts  dear  thai  for  llMvae-fittfr  ^taiOK  laviog  rcct* 
angular  coilsi»  it  wooU  be  a  great  practical  advantage  if 
they  could  aho  be  airat^ed  for  two  sets  of  ooiK  ^  ^h 
thm  5cts  the  crosstngs  of  the  phases  at  the  end^  are  nut 
Oftly  a    «oitrce  of   danger  {fttaa,  the   n  ot 

vi«rw),  but  pre%*ent  damaged  ooilt  frotii  bt  p-iu^ed. 

Moreo%ier,  if  each  set  is  in  a  diff^^nf   ,  e  is  no 

possibitity  of  removing  the  rotor  with<jiut  rrmoving  the 
''bent  down**  co«k»  unless  the  stator  core  is  built  up  m 
sedions^—a  quite  inadmissible  construction*  Canseqaentl)% 
(or  all  three-phase  sialocs  for  motors  of  standard  size^  and 
for  all  hjgh*tension  motors,  the  coils  of  the  \rariQus  phases 
are  alwap  arranged  in  two  sels^  just  as  for  twci-phase 
motors^  the  coils  of  a  given  phase  being  alternately  bent  and 
straight.  But  in  order  to  do  ihisp  and  at  the  same  time 
preserve  the  proper  phabe-relation  and  pitch  of  the  cotlsy 
an  important  miDdificatton  of  the  winding  has  to  be  nuide, 
n^metvr  only  poles  of  the  same  sign  are  wotjiiid»  tii  each 
phase-  For  instance^  considering  one  phase  on Kv  there  will 
be  as  many  coils  as  there  are  pairs  4>/  f^l^^s^  and  all  eoUs  will 
be  precisely  similar  with  regard  to  the  direction  of  winding 
and  to  the  manner  of  connecting  them  up.  This  uindiog, 
which  simply  leaves  each  alternate  pole  unwound  and 
doubles  the  number  of  turns  on  the  wound  pole^  is 
obvioudy  equivalent  to  the  winding  referred  lo  above,  bolb 
electrically  and  mechaniciUy,  but  somewhat  more  copptf 
is  required  with  it.  on  account  of  the  mean  length  of  turn 
being  greater* 

It  i*^  worthy  of  note  that  with  such  three-phase  windings 
for  stators  having  an  odd  number  of  pairn  of  polts,  the 
winding  becomes  slightly  nnsymmetrical  atone  point,  where 
the  end  connections  of  the  phases  cross  one  another. 
This  can  be  readily  seen  from  an  inspection  of  Fig  3» 
which  sIio\V«i  a  six-pole  stator.  Although  for  lugh-tension 
motors,  and  for  very  large  low-tension  motors,  this  may  be 
an  inconvenience/\l  \s  woV  lo\md  \.^  v^t;^at  disadvantages 
ill  practice,  toy  luQlot^  oi  %Vuv^^^^-t  ^  ^xi.^^^  *^\\^  H^\%a3^,   ^  i. 
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general  rule  too,  the  speeds  of  high-tension  motors  can  he 

so  chosen  that  the  number  of  pairs  of  poles  required  is  even, 
while  for  the  hirge  low-tension  motors^  having  an  uneven 
number  of  pole  pairs  with  bar- windings,  it  is  perfectly  safe 
and  allowable  to  wind  the  stator  with  three  ran|;es  of  coils, 
the  end  connectors  being  bent  up  and  back  as  shown  in 


Via,  3, 

Fig*  4,  Or,  should  this  mode  of  construction  be  deemed 
inadvisable,  on  account  of  space  for  the  end  connections 
being  limited,  or  for  other  reasons,  the  stator  for  such  large 
motors  can  be  conveniently  and  effectively  wound  with  a 
closed  bar-winding.  Such  a  bar-winding,  drawn  out 
schematically  for  a  two-phase  motor,  is  shown  in  Fig.  5^ 
the  four-pole  case  being  taken  for  simplicity. 

Standard  three-phase  stators  wound  ^\l\\  tecVa^w^gaX^^  c«i^^ 
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invariably  have  the  coils  connected  star  fashion*     Statui  ^ 
windings   for  large   low-tension  motors  can  be,  and  ve 
frequently  arc,  used   with    the  mesh  connection.     Combi- 
nations of  star  and  mesh  are  rarely  or  never  found  with 
modern  three-phase  motors. 

The  number  of  holes  or  slots  per  slator  pole  per  f ' 
has  an  important  bearing  upon  the  design  of  all  indue* 
motors,     In  order  to  keep  the  winding  depth   down,  at*.* 
to  produce  an  even  pole,  this  number  is  best  made  :i-  .At^n 
as  possible— in  practice  it  varies  between  four  and  uight. 
As  is  well  known,  with  small  motors,  having  squirrel-cage 
rotor-windings,  the  number  of  stator  holes  or  slots  should 
be  preferably  prime  to  the  number  of  rotor  holes  or  slots, 
the  latter  being,  if  possible,  more  numerous  than  the  former, 
as  this  tends  to  prevent  a  cogging  acting  action  taking  place 
between  the  stator  and  rotor  fields.    The  point  is,  however, 
of  small  importance  when  wound  rotors  are  used. 


Fifi.  4. 


Rotor  windings  for  all  induction  motors  are  of  two 
kinds,  namely,  permanently  short-circuited  rotors^  and 
rotors  having  the  ends  of  the  windings  brought  to  slip-rings 
for  the  purpose  of  inserting  a  resistance  into  the  winding  at 
starting.  The  design  and  arrangement  of  these  rotors  is 
independent  of  the  number  of  phases  and  of  the  slator 
voltage,  a  given  rotor  serving  for  a  single-,  two-,  or  three- 
phase  motor,  provided  that,  if  slip-rings  are  used>  the 
number  of  stator  poles  is  the  same  in  each  case,  and  that 
the  flux  per  pole  in  the  gap  has  the  same  value.  There 
appears  to  be  some  difference  of  opinion  as  to  how  far  the 
permanently  short-circuited  rotor  can  be  used  with  satis, 
factory  resuhs— that  is,  at  what  output  of  motor  it  is  best  to 
bring  in  the  starting  resistance.  For  motors  having  ia  start 
against  had  (apart  from  crant%  elevator,  and  mining  motors), 
the  author  is  decidedly  of  opinion  that  the  squirreUaige 
construction,  or  ils  mQdAc^\Aox\^,  ^\\^>x\^  1^  avoided 
with  all  polyphase  molot^  ^\5«a^^  ^  Y^.Vi:^.    ^^^iCicv  iw^^ 
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otors,  which  are  usually  arranged  to  start  up  light, 

rotors  with  slip-rings  should  be  used  over  7  J  B.H.P* 

9z^i  the  Heyland  single-phase  motors,  referred  to  at  length 

^^^^hi.  on,  a  starting  resistance  in  the  rotor  is  used  for  all 

^iSt^^     If  the  use  of  the  permanently  short-circuited  rotor 

JH^^^shed  too  far,  the  pressure  regulation   of   the   systenip 


whatever  the  number  of  phases,  is  greatly  impaired,  owing 
lo  the  excessive  current  consumption  during  the  starting 
up  of  the  motors.  When  it  is  considered  that  the  best 
polyphase  motors  with  squirrel-cage  rotors,  and  starting 
under  full  load,  require  a  momentary  rush  of  current  equal 
to  at  least  two  and  a  half  times  the  full-load  current,  this 
statement  will  be  readily  believed.  It  must  not  be  for* 
fottcn  in  this  connection,  that  under  suc\\  cvtcuta^\3.^^^es^ 
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the  power  factor  at  the  moment  of  starting  wiil  be  low, 
with  the  result  that  the  drop  on  the  transformers,  and  perhaps 
even  on  the  generators,  is  still  further  increased. 

With  regard  to  squirrel-cage  rotors,  and  to  the  modi- 
fication of  tfiem,  the  rotor  wire-wound  with  closed  coils, 
there  is  not  much  to  say.  The  chief  difficulty  with  the 
former  lies  in  tlie  fact  that  it  is  difficult  to  maJcc  a  good 
mechanical  job  of  the  connections  to  the  end  rings. 
If  the  rotor  bars  are  screwed  to  these  rings,  the  contact 
betiveen  bar  and  ring  is  not  only  uncertain,  but  bowev-er 
good  it  may  be  at  first,  it  is  certain  to  deteriorate  under 
the  inSuence  of  the  heavy  rotor  currents,  and  the  heating 
and  cooling  of  the  rotor.  Consequently,  most  makers 
sweat  the  rings  over  the  projecting  and  flattened  end^  of  the 
bars.  But  witli  this,  the  rings  will  sometimes  melt  completely 
off  under  overloads,  splashing  the  solder  all  over  tJie  stator 
coils,  and  generally  doing  other  damage.  The  author's 
firm  braze  the  rings  on,  when  a  motor  of  this  character  is 
put  to  work  of  an  exceptionally  heavy  nature^  where  over- 
loads are  the  rule  and  not  the  exception »  or  when  the 
starting  conditions  are  severe,  Messrs,  KoU'^en  get  over 
die  difficulty  in  the  manner  shown  in  Fig.  6;  here  the 
H^or  bars  are  connected  to  the  short-circuiting  rings  by 
means  of  thin  copper  strips,  used  as  radial  connectors.  The 
rings  themselves  are  of  broiue,  and  are  of  small  diameter, 
but  very  massive ;  they  are  keyed  directly  on  the  shaft 
without  any  insulation  whatever.  In  a  communication  to 
the  author,  Mr.  E,  Kolben  states  that  he  has  found  this 
construction  to  prevent  entirely  the  evil  mentioned  above, 
and  that  it  greatly  assists  his  single-phase  motors  to  start 
well, — doubtless  on  account  of  the  extra  resistance  in  the 
strips,  Mr.  Kolben  also  uses  this  construction  for  larger 
motors  for  crane  and  similar  work  (where  large  starting 
torques  are  required  wilhout,  if  possible,  the  employment  of 
a  starting  resistance)  as  it  allows  of  the  insertion  of  the 
resistance  strips  of  brass  or  other  material,  in  place  of  the 
copper  connectors. 

Several  firms,  notably  the  Oerlikon  Company,  avoid  the 

squirrel-cage  construction  altogether,  by  winding  the  rotor 

with   closed   coils.     In   this  case  the   rotor   wuiding   may 

either  consist  oi  %  regular  wave  winding,  taken  all  the  way 

id  either  once  ot  e^^  ^t>3ttA  "Cxm^  ^kv^  ^tv^l^  sliort- 
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circuited,  or  better,  of  a  number  of  coils,  or  groups  ofjcoils, 

separately      short -circuited. 

Such  wire-wound  rotors  are 
aturaUy    more    expensive 

than    either   of   the.  forms 

described    above,    and    are 

frequently  difficult  to  wind, 

on  account  of  the  trouble 

experienced     in     handling 

the  heavy  conductors. 

The      employment      of 

wound  rotors  and  non-in- 
ductive starting  resistances 

is,     as    already     indicated, 

always  preferable  for  motors 

of  any  size.    Here  the  rotors 

are  invariably  wound  with 

a     three-phase     star  -  con- 

nee  ted   drum-winding, 

which  may  be  carried  out 

either     with      overlapping 

(rectangular)  coils,  or  witli 

two  or  four  bars  per  hole 

or    slot,     arranged     as     a 
jB|cylinder  wave-winding. 
^»      The   common   junction 
^Bto  the  three  phases  of  such 
^Hpl  winding  is  frequently  the 

iron- work  of  the  rotor  ;  this 

is    very     convenient     with 

motors  of  considerable  sixe, 

where   the   conductors    are 

usually  massive.     Star-con- 
nected bar-windings  of  this 

character    are    always    un- 

symraetrical,     and     *'  false 

connections "    have   to    be 

made  in  each  phase. 

A   point  to   be  remem- 
bered   w^hen    designing 
ound     rotors    for     high- 
nsion  motors  is   the  fact 
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that  the  rotor  volts  per  phase  (that  is,  the  voltage  between 
any  two  sHp-rtngs  at  normal  stator  pressure  when  the 
brushes  are  lifted  off  and  the  motor  is  at  rest)  must  be  kept 
down  to  a  safe  value  :  this  is  because  at  starting,  with  all 
resistances  in,  the  voltage  across  each  resistance  (and  the 
corresponding  two  rings)  may  be  sufficiently  large  to  be  a 
source  of  danger  to  the  attendant,  if  the  turns  in  the  winding 
have  not  been  kept  down  ;  moreover,  there  is  some  risk  of 
arcing  taking  place.  On  the  other  hand,  in  no  case  must 
the  number  of  rotor  conductors  in  series  be  tCK)  few, 
especially  if  the  motor  is  of  large  size,  else  the  cost  of  the 
starting  box  becomes  excessive,  and,  if  this  latter  is  mounted 
on  a  switchboard,  the  three  heavy  cables  coming  to  the 
latter  may  become  inconvenient  to  arrange  for  ;  moreover, 
the  contacts  on  the  box  may  give  trouble.  It  may  some- 
times happen  that  it  is  desirable  to  regulate  the  speed  of 
a  polyphase  motor  (by  means  of  the  rotor  resistance)  at  a 
point  situated  a  considerable  distance  away  from  the  motor; 
in  such  a  case,  and  if  the  motor  is  for  a  low  voltage,  it  may 
pay  to  arrange  the  rotor-windings  to  transform  up,  as  it 
were,  in  order  to  effect  a  saving  on  the  cost  of  the  three 
cables,  coming  from  the  rings  to  the  starting  box^  but 
this  must  not  be  pushed  too  fan 

Although  it  is  the  standard  practice  with  one  or  two 
firms  to  build  the  starting  resistance  within  the  rotor  ilselfr 
instead  of  employing  a  separate  starting  box  and  slip-rings, 
it  would  seem  that  the  latter  practice  is  the  better.  The 
advantage  of  doing  away  with  the  external  arrangement 
consists,  of  course,  in  getting  rid  of  the  sliding  contacts  ;  on 
the  other  hand,  it  is  easy  for  the  short-circuiting  device 
(whether  operated  by  hand  through  the  hollow  shaft  or  auto- 
matically) to  get  out  of  order,  inspection  of  the  contacts  is 
difficult,  and,  above  all,  the  motor  is  brought  up  to  speed 
abruptly,  because  a  subdivided  resistance  is  practically  out 
of  the  question.  Consequently,  the  effect  on  the  pressure 
regulation  of  starting  a  motor  so  fitted  under  heavy  load  is 
bound  to  be  greater  than  if  the  motor  had  been  fitted  witli 
an  external  graduated  resistance,  permitting  of  easy  and 
gradual  starting.  However,  several  firms  are  now^  engaged 
in  studying  this  detail^  and  considerable  improvements  may 
be  expected  shortly  lu  the  electrical  and  mechanical  design 
of  internal  starling  g^eat. 
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(C)  Notes  on  Performance  and  Design. — An  analysis  of 
the  guaranteed  performance  of  a  giveji  type  of  open  or  semi- 
enclosed  induction  motors  between  2  and  100  B.H.P*  built 
by  any  of  the  best  Continental  or  American  makers,  and 
whose  construction  is  on  the  lines  indicated  aliove,  may  be 
set  forth  as  follows  :  — 

1.  No-load  Current.  Expressed  as  a  percentage  of  the 
full-load  current,  the  values  for  this  will  be  as  under  : — 

Poly-  Singk- 

phascrs.        phascrs. 

For  motors  between  2-5  B.H^P.  inclusive  30%     ...     40% 

Do.  7i-2o  do,  25%     .,.     30% 

Do.  25-100  do*  20%     ...     25% 

2.  Overload  Capacity.  This  is  sensibly  the  same  for  all 
sizes  with  a  given  line  of  motors  run  at  constant  stator 
pressure,  and  will  be  as  follows  :— 

Polyphasers.  Smglephascrs. 

For  one  hour'    ,,,         ...     50%      I  Varies  considerably, 
Before  falling  out  of  step     90%     J  but  generally  small. 

3.  Full-load  Drop  of  Speed  (Slip).  At  constant  pressure 
on  tlie  siator  terminals  this  will  be  : — 

For  induction  motors  between  2-5  B.H.P,  inclusive  7% 
Do,  71-1$  do.  5% 

Do,  20-40  do.  4% 

Do.  50- 1  DO  do.  3% 

4.  Heating.  The  final  temperature-rise  after  a  long 
continuous  run  at  full  load  will  not  exceed  40^  C.  for  semi- 
enclosed  motors  having  outputs  between  2  and  25  B.H.P., 
and  30^^  C.  for  larger  sisces. 

5.  Full-load  Efficiency,.  For  semi-enclosed  motors  with 
hot  w^indings  the  values  for  five  representative  sisees  will  be 
as  follows : — 

2  5  10        25      50  B.H,P. 

Polyphase  motors    ...  75%     79%     85%     87%     9051^ 
Singlephase  motors...  73%     77^     83%     86%     89% 

*  The  temperature  rise  not  exceeding  Jtf  C.  tor  stm\  ^TicVoafc^  ^ciVQ*t^,  ^aaA 

less  for  opcn't}j>€  motors 
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6.  Full-load  Power-factor.    The  values  for  this  quantity 
for  five  >ucfi  representative  motors  will  be  : — 


2 

5 

10 

25 

50  B.H.P. 

Polyphase  motors    .. 

.    78% 

80% 

a-o,' 

»3,o 

»7% 

88% 

Sin^^lephase  motors  .. 

.    72% 

75?^;; 

80% 

83% 

85% 

7.  \Vei;/ht  per  B.H.K  The  nett  weight  per  B.H.P.  (that 
is,  not  including  the  weight  of  the  rails,  pulley,  and  starting 
resistance,  if  any;  of  the  five  representative  motors  designed 
and  constructed  on  the  above  lines  will  not  come  out  much 
below  the  following  values  : — 


2 

5 

10 

23 

50  B.H.P. 

Polyphase  motors    .. 

.     80 

58 

56 

40 

40  lbs. 

Singlephase  motors.. 

•   115 

88 

66 

62 

62    „ 

NoTK.—  The  values  given  in  Nos.  i  to  7  above  are  for  50 
cycle  motors  at  voltages  of  no,  220,440,  or  500  volts,  having 
the  following  number  of  stator  poles  per  phase  : — 

Ail  motors  between    2-7^  B.H.P.  inclusive,  four  poles. 
Do.  10-30  do.  six  „ 

Do.  40-100  do.  eight     „ 

The  various  values,  however,  for  40  and  60  cycle  motors 
having  the  same  number  of  poles  are  practically  the  same  as 
those  given  above. 

A  standard  line  of  induction  motors  constructed  on  the 
lines  already  indicated,  and  to  which  the  above  figures 
relating  to  performance  apply,  would  have  the  following 
general   technical  data. 

1.  Peripheral  Speeds: — 4,000  to  7,000  feet  per  mmute, 
according  to  the  size  of  the  motor. 

2.  Ampere-conductors  per  inch  of  stator  (inner)  peripher}' 

at  full  load. 


n.H.p. 

Ampere-conductors  per  inch. 

2  to  7-5       ... 

250 

10  to  30 

330 

40  io  100 

430 

voo  \o  \^o 

570 

Abovo  100 

^«*^ 
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Flux  Densities  per  square  inch.    In  the  stator  teetli  :— 


B.H,P. 

Maximum  value  of  B. 

2  to  75 

65,000 

10  to  30 

70,000 

40  to  100 

80,000 

Above  100 

...      85,000 

otor  teeth  :— 

B.H.P. 

Maximum  value  of  B, 

2  to  T5 

80,000 

ID  to  30 

85,000 

40  to  100 

90,000 

Above  100 

100,000 

In  the  air-gap  the  flux-density  should  never  exceed 
30^000  lines  per  square  inchp  The  flux-density  in  the  stator 
core  is  determined  solely  by  the  permissible  loss,  and  does 
not  otherwise  affect  the  performance  of  the  motor. 

The  above  figures  give  very  good  results  for  50  nu  motors 
aving  partly  closed  slots  for  both  rotor  and  stator.  With 
motors  for  higher  frequency,  and  for  hole-wound  statorsand 
rotors,  smaller  values  must  be  taken. 

4,  Current  Densities   per  square   inch.     With  low  and 

medium  pressure  semi-enclosed  motors,  the  amperes  per 
square  inch  in  the  stator  windings  at  full  load  will  be 
between  1,500  and  i^ioo,  according  to  size,  while  in  the 
rotor  bars  the  current  density  will  be  about  15  per  cent, 
higher*  With  high-pressure  motors,  somewhat  smaller  values 
must  be  taken  in  the  stator  on  account  of  the  relatively 
larger  space  taken  up  by  insulation, 

5.  Length  of  Air-gap,  This  is  always  to  be  made  as 
small  as  possible,  and  is  determined  wholly  by  mechanical 
considerations.  Usual  values  for  the  length  of  air-gap,  that 
is,  the  distance  from  iron  to  iron,  are  ; — 

Rotor  Diameter.  Air -gap  Length. 

Up  to  4  inches  inclusive  .,.     i/ioo  inch 

Between  5  and  8  inches  inclusive     T/75      „ 
9a^di2  „  ...     1/50       ,, 

„       15  and  20  ,,  ...     1/32      „ 


24  and  32 
d6o 


,^       40  an 


sift  EBORALL:  ALTERNATlNG^CURftENT  [May  ITth, 

Although  the  above  figures  relating  to  the  design  of 
inductioji  motors  have  been  taken  wholly  from  practice, 
it  is  perhaps  necessar>^  to  point  out  that  it  is  not  possible 
to  apply  hard  and  fast  rules  and  constants  when  designing 
such  motors— experience  in  designing  and  a  large  quantity 
of  experimental  data  for  the  type  in  question  are  absolutely 
necessary  if  the  best  results  are  to  be  obtained. 


PART  Ih 

Starting  Devices  for  Single-Phase  Indlctiox  Motors 
AND  SOME  Notes  on  Recent  Developments, 

It  is  not  too  much  to  say  that  more  attention  has  l>een 
given  to  the  question  of  starting  devices  for  single-pha^ 
induction  motors  than  to  any  other  problem  connected 
with  single-phase  working.  The  first  difficulty  was  to  get 
such  motors  to  start  at  all ;  then  after  this  was  overcome, 
there  came  the  question  of  reducing  the  hea\'y  starting 
current ;  finally  it  was  sought  to  so  improve  the  starting 
device  as  to  permit  of  the  motor  starting  against  load,  still 
with  a  moderate  cuiTent  consumption.  In  the  six  years 
during  which  the  subject  has  been  before  electrical  engineers^ 
successive  improvements  have  taken  place,  and  it  is  to  tlie 
latest  development  in  single-phase  motors  that  the  author 
wishes  more  particularly  to  refer  in  this  part  of  his  paper, 
namely,  the  new  motor  of  Mr,  Alex,  Hey  land*  Before 
doing  so,  however,  it  may  perhaps  not  l>e  out  of  place  to 
consider  very  briefly  the  underlying  principles  of  all  single- 
phase  induction  nnitors^  although,  of  coursCi  there  is  untlun*^ 
new  to  be  said  on  the  subject  in  these  days. 

It  has  already  been  stated  that  a  single-phase  uiductioii 
motor  is  notliing  more  than  a  polyphase  motor  running  on 
one  phase.  Let,  for  instance,  a  two-pole  two-phase  motor 
be  rnnning  from  two-phase  mains  without  load.  Neglecting 
(as  may  quite  well  be  done)  tlie  trifling  power  cun^ent 
required  to  make  up  the  motor  losses  (under  these  ciraim- 
stances  practically  only  iron,  ventilation^  and  friction K  the 
current  read  on  an  amperemeter  in  each  phase  is  the 
"  magnetising  current  "  of  that  phase  of  the  motor — (bat  b, 
it  is  the  wattless  eurveul  ^e<\\xw^d  (or  driving  the  ma^^netic 
riux  through  the  majweVvc  c\tc\\\V^  <:^\  \\\^  ^^v^^  "AvwWv^, 
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the  speed  is  synchronous.  Now  let  one  phase  be  switched 
out.  The  motor  will  go  on  running  as  a  single-phaser  at 
practically  the  same  speed,  but  the  amperemeter  in  the  re- 
maining phase  will  read  approximately  twice  the  current  that 
it  did  before^that  is^  the  magnetising  current  in  this  phase 
has  doubled.  What  has  happened  is  briefly  as  follows: — 
The  magnetic  flux  originally  provided  by  the  switch ed*out 
phase  is  now  replaced  by  a  flux  of  approximately  the  same 
value  and  relative  position  furnished  by  a  magnetising 
current  in  the  rotor.  Magnetii>ing  currents  are  called  into 
being  in  the  rotor,  induced  by  the  magnetic  flux  of  the 
phase  still  connected  to  the  mains,  and  in  quadrature  with 
this  flux  with  regard  to  time,  and  these  currents  are  carried 
round  nearly  go^  in  space  by  the  practically  synchronous 
rotation  before  reaching  their  maximum.  Thus  (he  cross- 
flux  produced  by  them  has  very  nearly  the  same  effect  as 
that  formerly  produced  by  the  switched-out  phase.  The 
magnetising  current  in  the  rotor  has,  of  course,  to  be 
balanced  by  a  corresponding  stator  current,  so  that  the 
amperemeter  reads  the  magnetising  amperes  of  phase  i,  plus 
the  magnetising  amperes  of  the  rotor  transferred  to  the 
winding  of  phase  i.  Hence  the  magnetising  current  in  the 
latter  approximately  doubles. 

With  this  perfect  motor  running  at  synchronous  speedj 
it  would  be  found  that  a  voltmeter  connected  to  the  terminals 
of  the  switched-out  phase  would  give  a  reading  equal  to  the 
pressure  on  the  mains  from  which  phase  i  is  running. 
This  E.M.F.  is  that  induced  by  the  cross-magnetisation  of 
the  rotor  magnetising  currents,  and  is  in  quadrature  with 
the  impressed  E.M.F.  of  phase  i,  as  already  stated.  In 
commercial  motors  the  E.M,F*  of  phase  2,  measured  in  this 
way,  is  not  quite  equal  to  that  of  phase  i.  The  magnitude 
of  the  difference  between  the  two  voltages  is  a  measure  of 
the  quality  of  the  design  of  the  motor. 

It  has  been  said  above  that  the  motor  contiiuied  to  run 
as  a  single-phaser  at  practically  the  same  speed.  In  reality 
the  speed  is  a  trifle  less  (the  difference  being  too  small  to 
detect  on  a  counter),  owing  to  the  fact  that  the  rotor 
currents  cause  a  slight  slip,  so  that  even  a  single-phase 
motor  without  friction  and  ventilation  losses  {unlike  tlie 
polyphase  motor)  cannot  run  at  a  synchronQv^?*  s^^^^  -^  xve> 
load* 
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Of  course,  as  the  rotor  is  loaded,  the  rotor  power  currents 
called  into  being  by  the  load  are  magnetically  balanced  by 
corresponding  stator  currents  (when  the  rotor  and  stator 
coils  are  co-axial,  or  approximately  so)  and  the  slip  increases, 
that  is,  the  speed  departs  more  and  more  from  synchronbm. 
Owing  to  this  latter  circumstance  the  induced  rotor  magnet- 
ising currents  are  carried  round  in  space  less  than  90^  ;  the 
cross-magnetisation  produced  by  them  is  accordingly  shifted 
from  the  most  effective  position,  until  with  continually 
increasing  load  there  comes  a  point  at  which  the  torque  due 
to  the  cross  field  and  the  rotor  load  currents  attains  a 
maximum  value — if  this  value  is  exceeded  the  motor  pulls 
up,  When  the  rotor  is  stationaiy,  the  cross-niagnetisation 
is  reduced  to  zero  ;  there  remains  now  only  the  one  flux  of 
the  phase  connected  to  the  mains  (phase  i),  and  this  flux 
cannot  possibly  produce  a  torque — that  is,  the  motor  cannot 
start— because  its  axis  (that  is,  the  axis  of  the  exciting  cuils 
of  phase  i)  coincides  with  the  axis  of  the  current  carrying 
coils  of  the  rotor. 

In  order  J  therefore,  to  enable  a  single-phase  induction 
motor  to  start  at  :il!,  an  auxiliary  starting  field  must  be 
created  that  will  do  exactly  the  same  thing  as  the  rotor 
magnetising  currents  do  at  synchronous  speed*  That  is, 
with  regard  to  spuce,  a  magnetic  flux  must  be  established  in 
quadrature  with  tlie  principal  flux  inducing  the  rotor  currents; 
and  with  regard  to  time,  this  auxiliary  flux  must  coincide 
with  the  rotor  load  current — that  is  to  say,  it  must  be  approxi- 
mately 180°  behind  the  corresponding  stator  current.  E\*ery 
single-phase  induction  motor  must  therefore  be  provided 
with  a  device  to  produce  a  suitable  cross-flux  in  the  air-gap, 
and  the  amount  of  starting  torque  available  will  depend 
purely  upon  the  value  of  this  cross-flux,  and  upon  tlic 
effectivcjiess  of  its  time  relations  as  stated  above* 

All  single-phase  induction  motors  are  provided  with 
starting  coils  wound  in  the  useless  winding  space  of  the 
stator*  They  rarely  occupy  more  than  one-third  of  she  total 
stator  winding  space,  and  frequently  less  ;  moreover,  these 
coils  d^ve  invariably  so  arranged  that  the  magnetic  axis  of 
each  coil  is  in  cjuadraturc  *   to  the  magnetic  axis  of  the 

*  A   notiiblc   eKcept\on  to  \\\\^  fc\»fiy&\lvoii  is  Ihe  arrangement   •         " 
l>ecii  used  li>f  many  %'cav^  b^  VV^i  '^^c&^^v  fenxi^l  ^^w^C^w.  Cor  Uv 

po&itton  intlicatctl  \\erc. 
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corresponding  running  coil — a  disposition  exactly  fulfilling 
the  ** space"  requirement  stated  above*  The  difference 
existing  between  the  various  starting  devices  lies  mainly  in 
the  various  methods  of  producing  the  requisite  phase  relation 
of  the  cross-magnetisation. 

With  the  exception  of  the  Heyland  motor,  all  the  devices 
employed  for  producing  this  requisite  phase  difference  are 
external  to  the  motor,  and  they  have  all  been  devised  at  one 
time  or  another  by  Mr*  C,  E.  L  Brown,  and  have  gradually 
been  adopted  by  all  other  single-phase  motor  builders- 
These  external  starting  devices  take  the  special  form  of 
arranging  that  the  self-induction  of  the  circuit  including 
the  starting  coils  has  a  much  higher  value  than  that  of  the 
circuit  containing  the  running  coils,  this  being  attained  hy 
suitable  winding  proportions  in  conjunction  with  choking 
coils  or  non-inductive  resistances,  or  condensers;  or  any 
two  of  these  in  one  or  other  of  the  stator  circuits.  The 
choice  of  such  apparatus  is  governed  by  the  relative  vahie 
of  the  turns  in  the  starling  and  running  coils,  and  hy  the 
particular  connections  used  at  starting. 

The  starting  torque  given  by  motors  arranged  in  this  way 
is  inconsiderable,  barely  sufficient  in  fact  to  run  the  motor 
up  to  speed  against  the  load  of  belt  and  loose  pulley* 
Moreover,  unless  the  motor  is  very  airefully  designed — 
particularly  from  the  magnetic  leakage  point  of  view — the 
starting  current  at  thit^  small  torque  will  be  excessive.  With 
the  above-named  exception,  the  very  best  single-phase 
induction  motors  of  the  present  day  working  under  the  most 
favourable  conditions  require  a  current  at  starting  at  least 
equal  to  the  full-load  current  in  order  to  run  them  up  to 
speed  without  the  load,  while  against  the  full  load  they  will 
not  start  at  all,  whatever  the  value  of  the  starting  current. 

The  principal  reasons  for  these  comparatively  indifferent 
results  are,  that  the  pha*:e  difference  at  starting  produced  by 
the  above-mentioned  means  is  small,  and  that  the  cross-flux 
produced  by  the  starting  coils  doe*>  not  attain  a  high  \iiUie. 
As  with  independent  alternating-current  circuits  a  large 
phase  difference  will  be  produced  by  increasing  the  self- 
induction  of  the  circuit,  it  might  be  thought  that  this  could 
also  be  obtained  in  a  motor  by  arranging  the"  starting  device 
and  starting  coils  on  these  lines,  But  it  must  be  tcvwtiYcto^T^i^ 
that  the  stator  circuits  of  an  induction  iuo\ot  ^tc  wol  T^'^i^'i 
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independent,  on  account  of  the  action  of  the  rotor  currenia. 
These  behave  with  regard  to  the  stator  currents  just  as  the 
loaded  secondary  of  a  transformer  behaves  with  regard  to 
the  primary— that  is  to  say,  the  self-induction  of  the  stator 
windings  is  more  or  less  completely  wiped  out  by  the  mutual 
induction  of  rotor  and  staton  It  follows  from  this  that  better 
results  will  be  obtained  if  the  number  of  turns  of  the  starting 
coils  is  kept  low,  and  the  increase  of  se]f*induction  produced 
by  an  externa!  choking  coil^  or  equivalent  device  involving 
magnetic  leakage-  This  point  w^as  recognised  at  an  early 
stage  by  motor  builders,  and  an  external  choking  coil  (to 
produce  as  much  phase  difference  as  possible)  is  a  leading 
feature  of  several  modern  starting  devices. 

But  this  increase  oi  self-induction,  whether  produced 
externally  in  this  way,  or  by  winding  the  starting  coils  witJi 
a  large  number  of  turns,  effectually  prevents  the  starting 
field  of  the  motor  (that  is,  the  field  in  quadrature  position  to 
that  of  the  stator  running  coils)  from  attaining  that  high  \^!ue 
already  shown  to  be  absolutely  necessary  if  a  large  starting 
torque  is  required*  Where  the  self-induction  is  increased 
by  increasing  the  turns  of  the  starting  coils,  the  strength  of 
the  cross-flux  falls  ofif  inversely  as  the  square  root  of  the 
self-induction  ;  if  the  choking  coil  is  used,  the  strength  of 
the  cross-flux  is  diminished  by  an  amount  equivalent  to  the 
leakage  flux  of  the  coil.  Consequently,  it  is  evidently  a 
clear  fundamental  point,  that  to  obtain  a  large  starting 
torque  the  self-induction  of  the  starling  coils  should  be  kept 
down  as  much  as  possible. 

It  Ikis  been  hitherto  generally  held  that  the  design  of 
starling  devices  for  single-phase  induction  motors  should  be 
such  that  the  starting  conditions  should  approximate  as 
nearly  as  possible  to  the  starting  conditions  of  polyphase 
motors — that  is,  designers  have  aimed  at  the  production  of 
a  rotary  field  at  starting.  Not  only  this^  but  every  effort  ha<i 
been  made  to  make  this  field  as  uniform  as  possible,  by  so 
proportioning  the  windings  of  starting  and  running  coils  as 
to  produce  two  equal  magnetic  fluxes,  and  the  production 
of  a  larger  field  by  one  or  the  other  winding  has  been 
parlicularly  avoided, 

Mr.  Hevland's  motor,  which  is  shown  fieie  lo-night,  ,u)d 
described  I'Jelow*,  is  designed  with  regard  to  the  startmg 
device  on  esuctW  o'p\>os\V^  Ivues  to  these.     Bi  iefly,  there  is* 
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no  external  phase-shifting  device^  the  starting  winding  being 
put  straight  on  the  mains^  and  this  winding  has  com- 
paratively few  turns,  and  is  so  arranged  that  under  all 
.  circiiinstances  its  self-induction  is  less  than  that  of  the 
running  coils — that  is,  the  winding  carrying  the  current  of 
greater  phase  difference  is  made  to  have  the  smaller  self- 
induction.  As  a  result  of  the  small  self-induction  of  the 
starting "  coils,  a  cross-magnetic    flux   of  great   strength   is 
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available,  and  this  cross-flux  is  made  to  have  the  proper 
time  relation  by  a  special  arrangement  of  the  magnetic 
circuit  of  the  stator.  The  production  of  a  rotary  field  at 
starting  is  not  aimed  at,  the  whole  idea  of  the  starting 
device  being  to  produce  a  powerful  alternating  magnetisation 
having  the  proper  phase  relatioiip  in  a  direction  (considering 
the  two-pole  case)  at  right  angles  to  the  axis  of  the  running 
coils.  The  result  is,  that  the  Heyland  single-phase  motors 
will  all  start  against  full  load,  quite  easily,  without  an 
excessive  current  consumption,  and  it  will  be  therefore 
readily  admitted  that  an  important  advance  has  b^eu  ^^tA^ 
in  single-phase  motor  work^ 
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Apart  from  the  design  aiid  arrangement  oi  the  starting  ^ 
device,  the  Heybnd  motoni  differ  biil  little  from  other  j 
well-designed  motors  of  the  induction  type.      The  stalorj 

running  winding  consists  of  a  number  fif  re«.  tr  ooifs 

wound  in  ha!f-clused  slol:i  in  such  a  manner  :  ignctic 
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leakage  is  as  small  as  possible,  while  the  rotor  is  woitnd 
with  a  regular  three-phase  star-connected  wnndiiig,  mlh 
its  three  free  ends  connected  to  slip-rings  on  the  shall, 
for  the  ini^ertion  of  a  starting  resistance.  A  squirrd-cagc 
rotor,  or  one  of  its  modifications,  could  be  easily  nsed,  bti! 
it  has  been  found  that  the  reduction  of  the  starting  current 
(for  a  given  torque)  brought  about  by  tfie  use  of  thr 
resistance  well  repays  its  use,  even  for  motors  as  sarH  ^- 
one  horse-powt:t. 
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Fig,  7  illustrates  diagrammatical iy  the  stator  windings  of 
the  Heylaiid  single-phase  motors,  the  figure  illustrating  a 


four-pole  motor.     The  running  coils  are  shown  by  live  tviJA. 
lines,  and  the  starting  coils  by  the  dotted  lines,     TH^^^^VaNNs^ 
coils  are  wound  in  rectangular  holes  in  order  t*^  ^^tovivw  SXx^ 
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necessary  large  phase  difference  of  the  ciurent  in  them  ;  the 
flux  produced  l:)y  these  coils  hnks  very  unfavourably  with 
the  rotor  windings,  which  has  the  effect  of  reducing  the 
mutual  induction  of  the  circuits  in  question,  with  the  result 
that  the  current  in  the  starting  winding  lags  considerably^ 
sometimes  as  much  as  50*^*  The  relation  of  the  stator  starting 
coils  to  the  coits  of  the  rotor,  is  iii  fact  entirely  analogous 
to  the  relations  existing  between  the  primary  and  secondary 
coils  of  a  transformer  having  great  magnetic  leakage. 

As  stated  above,  the  turns  of  the  starting  coils  are  com- 
paratively few  in  number,  and  have  a  low  resistance  ;  the 
amount  of  phase  difference  of  the  flux  produced  by  the 
current  in  them  is  determined  by  the  shape  given  to  the 
holes,  the  dimensions  of  these,  and  by  the  winding  depth- 
Figs,  8  and  9  show  clearly  the  arrangement  of  the  stator 
running  and  starting  coils  as  actually  carried  out  for  a  four- 
pole  motor  J  while  the  form  of  the  rotor  winding  can  be  seen 
from  the  latter  figure  also. 

The  motor  is  started  as  follows  : — All  the  rotor  resistance 
being  in  circuity  the  stator  windings  (both  running  and 
starting)  are  switched  directly  on  the  mains ;  the  motor  will 
immediately  start  up  with  great  torque,  and  the  rotor 
resistance  and  starting  coils  are  to  be  cut  out  as  it  does  so. 
The  exact  moment  at  which  the  latter  are  cut  out  affects 
only  the  starting  current  :  if  the  motor  is  starting  light,  the 
single-pole  switch  can  be  opened  when  the  arms  of  the 
rotor  resistance  are  on  the  second  contact  j  if  it  is  starting 
against  full  load,  the  starting  coils  require  to  be  left  some- 
what longer  in  circuit — that  is,  they  are  to  be  cut  out,  for 
instance,  on  the  fourth  or  fifth  contact  of  the  starting 
resistance. 

The  earlier  Hey  land  motors  were  all  furnished  for  use 
with  a  single-pole  switch  in  the  starting  circuit.  This  has 
now  been  done  away  with,  however,  by  combining  it  with 
the  starting  resistance  box  {see  Fig,  10),  so  that  the  opera- 
tion of  starting  up  is  as  simple  as  that  with  a  shunt  wound 
direct-current  motor. 


Per/onnanu\~The  Hey  land  motors  standardised  for 
circuits  of  40,  50,  and  60  cycles  are  designed  in  three  ways, 
as  follows  : — 

{a)  To  start  N^\t\\o\iV  \o^&»    \iv\der  these  circumstances 
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the  starting  current  does  not  exceed  four-fifths  of  the  full- 
load  running  current, 

(b)  To  start  with  two- thirds  of  the  fulUload  torque. 
Under  these  circumstances  the  starting  current  does  not 
exceed  il  times  the  full-load  running  current. 

(c)  To  start  with  full -load  torque.  Under  these  circum- 
stances the  starting  current  does  not  exceed  twice  the  full- 
load  running  current* 
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Design  (a)  has  been  evolved  in  order  to  conform  to  the 
ideas  of  many  station  engineers  in  this  country.  Design  (c) 
represents  the  normal  winding;  while  design  (b)  is  frequently 
asked  for.  The  starting  torque  with  the  standard  slani pings 
is  determined  purely  by  the  number  of  turns  of  the  starting 
coils  and  the  permissible  current ;  this  torque  can  be 
arranged  to  have  a  value  equal  to  tw^o  or  three  times  the 
full-load  running  torque,  if  enough  current  is  given  to  the 
starting  coils,  the  limiting  value  occurring  at  the  saturatlaw 
point  of  the  iron. 

Figs*  II  and  12  illustrate  the  starting  performawce.  o\  V^^ 
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motors  designed  to  fulfil  conditions  (6)  and  (c)  respecti%^ely, 
while  Fig*  13  illustrates  the  running  performance  of  the 
motor  whose  starting  cur\'e  is  given  by  Fig*  11.  All  the»e 
curves  represent  the  results  of  actual  brake  tests^  and  many 
motors  built  have  given  better  results  than  indicated  here. 

Particular  attention  is  given  in  all  the  designs   to  the 
overload    capacity    of    the    motor,    and    all    motors    are 
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guaranteed  to  stand  a  25  per  cent-  overload  for  one  hour. 
The  small  overload  capacity  (varying  from  o  to  10  per  cent*) 
found  with  the  alternating-current  motors  hitherto  used  » 
has  been  one  of  their  worst  features,  as  for  must  work  it  is 
impossible  to  fix  the  amount  of  power  required  so  exactly 

'  The  authr»r  \vtm\d  h^t^  WW  \<a  lavAMi  iw  t^^sL^c^on  in  favoar  of  \kt 
Wen  Strom  motor,  who^  Q'yttlo^  i:^ij\\.^sV'^  \i^  Vjm\4  ^\W  <L^^^!n»^lu^  tested 
by  him)  is  ever^lhin^i  l\\al  cawbtt  de^w^A., 
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as  this,  with  the  result  that  the  motors  uistaHed  are  in- 
variably too  large  and  costly  for  the  work  they  hai'e  to  do. 
This  reacts  on  consumer  and  supply  company  alike  :  the 
former  has  to  pay  for  a  larger  motor  than  Jie  wants,  which 
wili  be  working  on  the  average  at  low  efficiency^  while  the 
latter  most  of  the  time  is  supplying  an  underloaded  motor, 
having  a  low  power- factor. 

The  results  obtained  with  the  Hey  land  motors  for 
circuits  of  80  and  100  cycles  are  not  quite  so  good  as 
those  given  above,  with  regard  to  starting  torque.  That 
is  to  say,  these  high-frequency  motors  as  built  up  to  the 
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present  take  a  relatively  greater  current  for  a  given  value 
of  starting  torque,  the  values  being — (a)  when  starting 
WMthout  load,  current  is  equal  to  the  full-load  current  ; 
{b)  starting  with  half  tlie  full-load  torque,  the  current  is 
I J  times  the  full-load  current  \  {c)  starting  with  fulMoad 
torque,  the  current  consumption  is  2J  to  3  times  the  full- 
load  current*  The  increased  values  of  current  consiump- 
tion  are  of  course  due  to  the  larger  number  of  poles 
necessary  to  bring  the  speed  to  a  reasonable  figure  ;  parti- 
cularly in  small  motors  the  number  of  poles  has  a  very 
great  effect  on  the  amoujit  of  magnetic  leakage  with  a 
given  design. 

As,   however,   the    Hey  land    motors   are   not   yet  fully 
standardised  for  80  and  100  cycles,  the  d^\^et^  V^^^  Vo 
eSect    considerable    improvements   \v\t\ui\    ^X\e    w^^»^^   ^^^ 
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months  in  the  direction  of  reducing  the  current  for  a 
given  value  of  starling  torque. 

Before  leaving  the  subject  of  these  motors,  the  author 
would  like  to  draw  attention  to  an  exceedingly  neat  method 
Mr.  Heylaad  ha&  devised  for  regulating  the  speed  of  induc- 
tion motors,  single  and  polyphase. 

As  is  well  known,  Uiere  are  two  principal  ways  of 
altering  the  speed  of  such  motors,  the  supply  frequency 
being  constant'  The  first  is  by  rheostatic  control,  a  non- 
inductive  regulating  resistance  being  in  circuit  with  thi 
rotor  windings,  while  the  stator  windings  are  connected 
directly  to  the  mains ;  the  second  is  by  altering  the  number 


Fig,  14. 


of  stator  poles  by  means  of  a  suitable  controller,  togei 
with  those  of  the  rotor,  unless  the  latter  is  of  the  "squii 
cage"  type.  Here  the  motor  is  wound  for  the  maximum 
number  of  poles,  and  when  it  becomes  necessary  to  pass 
from  a  greater  to  a  less  pole  number,  in  order  to  get 
increased  speed,  the  windings  on  some  of  the  poles  are 
reversed,  thus  producing  fewer  poles,  which  are  in  con- 
sequence much  broader.  For  instance,  in  order  to  double 
the  speed,  half  the  poles  have  their  windings  reversed,  the 
stator  having  now  half  the  number  of  poles,  each  of  double 
the  former  breadth.    While  rheostatic  control  is  simple  and 

'  The  mcthf?d  of  "  tfindein  p:ir;vllel  control "  for  two  motors  white  ex* 
cellent  theorelkaWy,  \%  \^aTd\'^  \\Ve\^  Vo  i^otor  \tA.q  oomtticrdaJ  use  at  present 
on  account  o{  the  gVeaX  comp^WAWow  m^^^Vit.^  -kcA  \»Kaaafe  xA  tke  '  * 
conditions  under  whicV^  the  molot^^wt^si  ^^at^t. 


1900.] 


INDUCTION  MOTORS. 


829 


EBORALLt  ALTERNATING-CrRREXT 


[May  ITtti. 


easy  to  use,  it  hds  the  great  objection  of  being  very  iin- 
economicaL  The  waste  of  energy  brought  about  by  its 
use  is  entirely  analogous  to  that  found  with  shunt  wound 
direct- current  motors,  with  constant  field  excitation  and 
a  regulating  resistance  in  the  armature.  The  case  of  the 
induction  motor  is  really  more  unfavourable,  because  it 
has  been  found  by  experience  that  the  motor  has  to  be 
rated  very^  liberally,  in  order  to  get  the  necessarj^  power. 

On  the  other  Jmnd,  the  method  of  altering  the  number 
of  motor  poles  has  two  serious  disadvantages.  Firstly^  the 
reduction  of  the  number  of  poles  causes  an  unfavourable 
distribution  of  the  magnetic  flux,  a  large  increase  of 
magnetic  leakage  and  a  loss  of  winding  space.  This  is 
of  course  owing  to  the  fact  that  after  the  reversal  of  the 
appropriate  coils  the  currents  fiowing  down  one  side  of 
these  coils  are  neutralised  by  the  currents  in  the  adjacent 
side  of  the  unreversed  coils,  as  will  be  readily  seen  from 
Fig.  14  illustrating  the  single -phase  case. 

Secondly,  unless  the  motor  has  a  squirrel -cage  rotor^ 
the  rotor  circuits  become  very  complicated }  the  polarity 
of  the  rotor  windings  has  to  be  changed  each  time  in 
accordance  with  the  stator  polarity,  which  means  that  a 
large  number  of  slip -rings  have  to  be  used,  in  order  that 
this  may  be  done. 

Mr*  Heyland's  method  consists  of  certain  winding 
arrangements  which,  when  it  is  desired  to  change  the 
number  of  poles,  render  any  reversal  of  the  rotor  windings 
superfluous,  and  to  a  large  extent  obviate  the  drawbacks 
stated  above  in  the  reversal  of  the  stator  coils. 

The  method  of  winding  the  stator  as  applied  to  single- 
phase  motors  is  illustrated  in  Figs,  15,  16,  17  and  iH,  the 
last  figure  showing  how  tlie  stator  cods  are  wound  in 
practice.  In  all  cases  the  winding  is  carried  out  for  the 
smailer  number  of  poles,  and  divided  into  sections^  one 
or  more  of  these  sections  being  reversed  to  obtain  a  greater 
number  of  poles.  Thus,  for  instance,  in  Fig*  15  the  stator 
being  wound  initially  for  two  poles,  by  reversing  one  of  the 
sections  of  the  winding  a  four -pole  stator  results,  as 
indicated,  and  it  will  be  seen  at  a  glance  that  there  is  Tib'*, 
neutralising  action  between  adjacent  conductors,  and  that 
the  distribution  of  magnetic  flux  in  the  air-gap  will  be 
perfectly  good.     Fig.  16  shows  tJie  arrangement  for  a  four- 
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pole  to  eight-pole  slator,  and  Fig*  17  that  for  a  six-pole  to 

twelve-pole,  to  wl)ich  the  same  remarks  apply.  The  manner 
of  carrying  out  the  stator  winding  for  the  last  case  actually 
employed  is  illustrated  in  Fig,  18. 

For  polyphase  motors,  exactly  the  same  winding  arrange- 
ments are  used,  applied  of  course  to  each  phase.     For  these 


Fir..  ly. 

motors,  if  more  than  one  change  of  s^peed  is  desired,  the 
controllers  get  somewhat  expensive,  and  it  is  therefore 
better  on  the  whole  in  such  cases  to  combine  the  method 
with  rheostatic  (rotor)  control,  the  rheostat  being  used  for 
the  intermediate  speeds  only. 

For  ^mall  motors  having  squirrel-cage  rotors,  no  modi- 
fication of  the  rotor  winding  is  needed  ;  but  wKe.^^  ^i:ivvcv?!L 
rotors  are  employed  the  general  mettiod  o^  lotoi  ^m&vv% 
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is  illustrated  in  Fig,  19,  which  iUitstrates  the  single -phase 
case  (or  simpHctty,  The  general  principle  is  to  so  aminge 
the  windings  of  each  phase,  that  tJiey  are  formed  of  a 
number  of  sections  in  parallel ;  with  a  certain  number  of 
poles,  the  E.M*?",  of  one  section  will  neutralise  that  of 
another  section  in  parallel  to  it,  and  a  current  will  flow 
through  the  sections  only  when  they  are  externally  short- 
circuited  ;  on  the  other  hand,  with  double  the  number  of 
poles,  the  external  short-circuit  is  superfluous*  Thus  con- 
sider Fig,  19^  representing  (diagrammatically)  the  winding 
for  one  phase  of  the  rotor  for  a  two-pole — four-pole  stator. 
Each  phase  has  two  sections,  permanently  short*circuited 
one  on  the  other.  At  starting,  the  stator  switch  is  put 
over  to  the  two-pole  position,  and  the  slip-rings  gradusilly 
closed  through  the  starting  resistance*  So  long  as  the  slip- 
rings  are  open,  no  currents  flow  in  the  rotor  windings, 
as  the  induced  E.M»F»  has  the  same  value  in  each  section, 
and  the  two  E.M,F.s  neutralise  one  another,  on  account 
of  the  two  stator  poles^  But  the  rotor  currents  circulate 
as  soon  as  the  rings  are  connected  through  the  resistance—* 
this  latter  is  gradually  cut  out  in  the  usual  way  as  the 
motor  comes  up  to  speed.  In  changing  over  now  to  the 
four-pole  position  (if  the  lower  speed  is  required)  the  slip- 
rings  arc  not  wanted,  as  the  two  sections  arc  now  in  series, 
with  the  E.M.F.  in  the  same  direction,  and  so  the  rotor 
currents  can  circulate  independently  of  the  external  short- 
circuit* 

The  same  general  arrangement  is  used  for  raotoni  to 
nm  at  more  than  two  speeds*  Here  the  rotor  windings 
(per  phase)  can  have  more  than  two  sections,  these  sections 
being  wound  partly  to  overlap  one  another,  while  still 
being  in  parallel,  so  that  the  various  E^M.F.s  partly 
neutralise  one  another,  and  partly  add  themselves  together. 
With  this  arrangement,  the  same  rut  or  winding  c^n  be 
effectively  used  with  a  stator  having  several  diflferent 
arrangements  of  the  poles — thai  is,  for  a  motor  running 
at  several  distinct  speeds. 

For  induction  motors  having  rotors  with  star-connected 
three-phase  windings^  which  is  the  practical  case,  only  three 
slip-rings  are  required^thc  (second)  common  junction  bdng 
at  the  three  s\ip-r  mg,s,  ^ts  w^u'a.L 

In  the  workshops  ol  Mae:  ^xife'^'f  ^  ^sxm^^^Na&te,  xsKway  of 
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the  tools  are  driven  by  three-phase  motors,  the  Heyland 
method  of  speed  regulation  is  employed  with  great  con- 
venience. Several  of  the  larger  tools  (such  as  planing 
machines  and  the  Hke)  are  driven  by  independent  three- 
pha^e  motors  wound  for  two  speeds,  the  alteration  of  speed 
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being  effected  by  throwing  over  the  reversing  switch.  It 
has  been  found  by  tests  on  these  motors  that  the  power- 
factor  is  diminished  very  Httle  by  the  increase  in  the  number 
of  poles,  attaining  a  high  value  at  both  speeds^  while  tiv^i. 
efficiency  is  also  high  at  each,  there  being  b\il  s\\^\^  \^%^ 
of  energy  involved  by  Ow  change-over.     M  l\\e  s^^\e  Vwdl^y 

50 
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tlic  increase  of  first  cost  with  the  two-speed  motors  is  vm 
smalU 

Concluding  Remarks. 

Although  the  author  has  dwelt  at  some  length  uiK>n  the 
subject  of  single-phase  motors,  it  has  been  more  on  accoynt 
of  the  technical  interest  attached  to  it  than  t>cc^iuse  of  any 
belief  in  the  present  or  future  possibilities  of  single-phase 
systems.  Regarding  the  Continent  and  the  States  it  is  not 
too  much  to  say  that  single -phase  supply  is  practically 
played  out^  and  that  engineers  responsible  for  putting  down 
new  stations  for  either  power  or  lighting  consider  single- 
phase  supply  systems  out  of  date  and  their  employment 
bad  practice,  Moreoveri  indications  are  not  wanting  that 
the  present  tendency  in  this  country  is  to  follow  in  tlie 
same  direction.  It  i^  certain  that  for  all  those  cases  tx^k^rs 
coniiHttoHs-airrciti  systems  arc  out  of  the  qucstiou  every 
requirement  can  be  far  more  successfully  met  by  Oirec- 
phase  systems  than  by  any  other*  It  is  true  that  cert;iin 
engineers  in  this  country  hold  the  opinion  that  prcssurt 
regulation  troubles  are  bound  to  occur  with  three-phase 
working  {an  opinion  not  shared  by  the  author),  but,  even 
supposing  this  to  be  the  case,  the  complete  sokition  is  to 
hand — convert  to  continuous  current  by  means  of  rotaries, 
or  better^  by  means  of  motor-generators, 

The  standardisation  of  the  above  two  systems^  togetht'J' 
with  that  of  two  voltages  for  each  system — 220  and  440 
volts — and  one  frequency— 50  cycles^ — ^for  the  supply  nd- 
works,  is  greatly  to  be  desired,  particularly  frotn  the  point 
of  view  of  the  motor  manufacturer  and  the  motor  user. 
With  the  hope  that  tliis  ideal  may  be  eventually  realisetl, 
this  paper  can  be  concluded, 

MfFicki,  ^^J"-   ^'   ^'   FiEi-D  :    Mr   E  bora!  I  commences  ki^  paper  witb  ^^ 

apology  for  bringing  before  the  histittition  ont  which  he  says  conUb- 
biit  little  tluit  is  rt-aily  new  from  the  technical  paint  of  view.  Now  1 
vonttire  to  think  that  this  apology  is  quite  unnecessary,  for  I  believe  S 
am  right  in  saying  that  m»ny  of  the  ingenious  devices  which  itt 
Kborall  lias  explained  to  us  to-night^  although  perhaps  not  new,  :kri 
new  to  tnuny  of  us :  at  any  rate,  they  were  to  me.  The  paper  qqu 
tains  a  large  amoMYd  ^l  \x\l^iTu\a.tvon  which  is  extremely  useful,  a^  wtli 
from  the  munuiacVvtvevi  ^a'Ss.  \X\c  Mj^^xi  -^tvCs,  s^issk^s*  pDinli  of  view. 
The  mctUod  ol  bu\\dm^  >i^  V'cv^  '^V^Va^  ^^^^  ^^w^^^sw^^n'^T^^^tiaoriii, 
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whereby  alt  tooling  is  rendered  unnecessary!  is  very  interesting.  But  *^*"'  ^'**'**' 
it  is  to  be  pointed  out  that  one  has  to  depend  entirely  upon  the  friction 
hetwetin  the  individual  plates  to  avoid  displacement  of  the  same,  or 
rotation  of  the  stitor  core  as  a  whole-  Where  paper  insulation  between 
Ihe  cort;  discs  is  employed,  some  15  per  cent,  of  the  total  space  will  be 
thus  occupied^  and  with  the  continual  heating  and  cooting  of  the  motor 
this  may  shrink^  and  thus  tend  to  relieve  ihe  friction  l>etwccn  tlve  end 
plates;  consequently  for  largc-sLieed  motors  this  construction  is  not 
suitable.    The  question  of  tooling  the  stator  cores  is  very  importantj  • 

but  it  is  not  very  important  whether  tlie  rotor  core  be  tooled  or  not. 
The  slip  is  very  small,  and  hence  the  eddy  currents  produced  in  the 
rotor  surface  will  likewise  be  small  ;  moreover  these  will  not  be 
detrimental  J  but  will  add  to  the  torque  rather  than  decrease  it*  The 
figures  on  page  813  are  very  iuiitructive,  but  I  would  suggest  that  the 
author  adds  in  his  paper  when  prfnted  in  the  Journal  the  corresponding 
figures  for  continuous-current  motors,  I  know  this  does  not  exactly 
fall  under  the  heading  of  the  paper,  but  a  comparison  would  be  so 
very  interesting  that  the  departure  would  be  quite  warranted.  The 
comparison  between  the  efficiencies  of  polyphase  and  single-phase 
motors  is  also  noteworthy.  We  must  remember  ihat  a  given  rolor 
developing  a  given  H,P,  has  twice  the  C^R  rotor  loss  if  in  a  single-phase 
tieldj  to  what  it  wilt  have  in  a  three-phase  field  of  the  same  strength  ; 
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so  that  in  order  to  get  high  efticiency  in  the  single-phase  case  one  can 
only  do  so  at  the  expense  of  extra  maleriali  w*hich  fact,  I  think;  is 
borne  out  by  the  table  of  weights  given  on  page  814,  From  this  it 
appears  that  the  weight  of  the  single-phase  motor  is  about  50  per  cent* 
higher  than  that  of  the  corresponding  polyphase  motor. 

I  should  like  to  make  a  few  remarks  with  regard  to  Ihc  starting 
of  the  Heyland  motor,  as  it  seems  to  me  that  this  is  a  radically  new 
departure.  T  have  always  been  under  the  impression  that  it  was  of 
no  advantage  to  make  the  starting  field  larger  than  the  w^orking  field, 
the  aim  of  the  manufacturer  being  to  obtain  as  nearly  as  possible  a 
pure  rotating  field  at  starting.  This,  of  course,  is  not  the  case,  as  is 
easily  seen  by  ihc  foikiwing  diagram.  Let  a  be  the  strength  of  the 
alternating  flux  produced  by  the  working  phase  winding,  and  (<i  +  2^^) 
the  corresponding  flux  produced  by  the  starting  winding.  Suppose 
these  two  fluxes  arc  in  quadrature  both  as  regards  space  and  time. 
If  we  combine  the  working  pluse  flux  a  with  a  portion  of  the  starting 
flux  equal  to  it  in  magnitude,  we  get  of  course  a  rotatmg  flux  of  strength 
a,  and  superimposed  upon  that  an  alternating  flux  of  strength  2b  in  tiie 
direcdon  OR  Now,  this  latter  flux  we  may  consider  replaced  by  two 
rotating  fluxes,  each  of  strength  b,  rotating  in  opposite  directions  with 
Ihc  same  velocity,  viz.  that  corresponding  Vo  Ihci  it*ic\\ittic^ .  ^^a^t^^'c\^ 
these  two  Buxes'if  will  cokcide  and  be  directed  aXov^^O^  ij.V>i?ia^^^ 


t±^^.^^ 


r^'zz<rnG%  mcnxx^ 


iir  oChcr  tedtes^  «M  m'§mm  iiiiirtiiiiil  to  sfe  mwe  of 

to  Ife  pndtaclaf  the  i 
totwC^liBd  lynfci^KAgilartii^flttiMyu    lithe 

f,  tfica  Ihv  fteiag  toryt  l§  proportipaa]  lo  «  («  +  i^>  ^n  f^ 
Mr  ENnD  IB71  Hoi  in  Hie  H^ytevl  aoiDr  ^  s^  be  ^:  ^^same  ii  ta 
be  oaff  4$*«  Hm  we  fee  it  b  onif  apxwnrj  la  Hfcr  fbe  slartusg  im 
I  '4  ^mm  the  woridiig  in  ia  m6tv  to  obbtta  predatiy  the  ame  staitipg 
i«fDal4  bedbtaimble  id  Cbe  corropeQiitag  tvo-pbsse 

W«  inaj  «3r  brkijr.  tf  A  Md  B  be  the  wortii^  md  startup  fi 
fopflctlttljp  #imI  f  tbe  phase  diicraice,  thrr  ie|inesciil^  a&  far  as  flidr 
cteliof  cai»bailk»fo«aro«attflgllttXof^Tng&  ^  A  B  un  f 

Witli  re^vd  to  the  metboci  of  urinbiig  the  Meybiid  motors  for  the 
imriNMie  of  ^tertiig  the  mimbcr  of  poles,  il  seems  to  me  that  the  paper 
It  not  quite  clear*  Mr,  EboraU  »ays  :  "On  the  other  hand,  the  inelbod 
of  ullcrrinj(  the  ntunlicr  of  poles  has  two  serious  efisadvantages.  Firsflj, 
the  rvxJyctiQn  of  the  luunber  of  poles  causes  an  unlavoitfable  disltiba- 
tiun  tA  the  nugnelic  flux,  a  lar^  iocTcase  of  m^netie  leakage  and  a 
lofi^i  of  wmclttt^'  j^pact:.  Tliii  4**  of  cour^  owing  to  the  lact  that  after 
the  fevcfttal  td  the  approf^riate  coits  the  currents  flowing  down  one 
wide  of  theme  cotlit  urc  neutralised  by  the  currcuts  in  the  adjacent 
•Jde  of  the  unrc^cr^d  coils,  as  will  be  readily  seen  from  Fig.  i^, 
inti!»trating  tlie  single-phase  case,"  Now  thb  is  not  necessarily  so ;  at 
feast  il  in  entirely  a  matter  of  arranging  the  winding  so  as  to  hs^vc  as 
many  coil*  a^  poleSi  or  as  many  coils  a^  pairs  of  poles.  In  Fig.  14  wo 
hitve  four  anh,  (hat  i^t  to  Miy,  we  have  as  many  coils  as  poles,  and  that 
h  the  reason  why  part  of  the  winding  is  neutralised  when  the  XwQ 
coils  are  reversed.  If  we  change  that  winding  and  pul  as  many  coils 
an  pairs  of  polcH,  making  two  coits  instead  of  four,  wc  shall  lind  the 
windingfi  are  not  neutrMli.^ed  when  wc  reverse  one  coil.  Fig,  16  show^ 
thih  Very  welL  Thisi  winding  is  not  particularly  a  Hey  land  winding, 
hut  merely  a  normal  winding  with  as  many  coils  as  pairs  of  poles.  On 
the  rigjit-hand  !«ide  there  is  an  eight-pole  winding  with  four  coih« 
When  we  reverse  two  of  the  coils  we  get  four  poles.  The  Hey  land 
winding  corresponding  to  Fig,  18  for  that  case  would  be  as  shown  in 
Fig.  H.  Fig,  iH  shows  a  twelve*pole  winding.  H  the  connections  of 
the  Loih  he  uUeretl^  we  can  gel  a  six-poIc  or  a  four^pole  or  a  two^polc 
winding,  In  the  libove  diagram  we  can  get  an  eight-pole,  a  four-pole, 
or  11  Iwo-pole  winding  by  similarly  altering  Ihe  connections  betuven 
the  coil^,  Fig,  16,  on  the  other  hand,  shows  an  ordinary  winding 
which  has  lieen  kiwviw  awd  u\\v^\ti^*\id  (or  a  very  long  time*  It  differs 
from  the  Vlcy\atu\  vic^Aw^emtw^  \\\  \\vA  ^Jftfe  '^'A^  %^^\kj.n  pcte^iblc  ti 
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with  as  many  coils  as  pairs  of  poles,  Wc  can  therefore  reverse  half,  "f*  ^^^ 
and  get  half  the  number  of  poles  with  none  of  the  windings  nentraliscd, 
thus  obtaining  as  many  coils  as  poles.  If  we  were  again  to  reverse 
half  the  poleSj  half  the  winding  would  be  netitrahsed.  The  only 
variation  feasible  is  thus  from  eight  to  four  poles.  That  is  the  main 
difference  between  this  and  the  Heyland  winding  shown  in  above 
diagram, 

Mr,  Langdon  Davies  :  There  are  one  or  two  matters  which  I  should  Wr. 
liketoreferto.    On  page  8oq  theauthorsays/'Withsingle-phasemotors  6»vfm, " 
which  arc  usually  arranged  to  start  up  light,  wound  rotors  with  shp- 
rings  sihould  be  used  over  yf  B,H.P,/'  but  he  does  not  appear  to  give 
any  explanation  why  this  should  be*     I  have  seen  larger  sizes  without 
them^and  ishould  therefore  be  obliged  if  the  author  would  kindly  give  his 
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reasons.    With  regard  to  one  particular  type  of  motor  the  author  sayg, 

•'  The  winding  carrying  the  current  of  greater  phase  difference  is  made 
to  have  the  smaller  self-induction,"  I  do  not  understandi  considering 
that  there  is  nothing  exterior  to  the  coils,  what  produces  the  "  greater 
phase  difference/'  if  it  has  the  smaller  self*induction.  It  may  be  that 
he  and  I  attach  different  meanings  to  the  term  "  self-induction/  Later 
he  says,  '*  The  production  of  a  rotary  taeld  on  starting  is  not  aimed  at/' 
This  appears  to  require  explanation,  because  a  rotating  field  is  abso- 
lutely necessary  to  start  an  induction  motor  of  the  type  descr\b*id.  M^s^ 
a  considerable  phase  difference,  1  believe  50P  or  mciTii,  \'i  cX-alvca^^ 
hter  aih     The  form  oi  stator  winding  described  \%  mVet^sMvtv^  ^^"^ 
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appears  to  sava  turns*  I  should  like  to  know  if  the  autlior  can 
give  any  details  of  starting  torques  for  given  current  values  without 
any  resistance  in  the  rotor ;  that  is  to  say,  with  an  ordiniir>'  5*hort- 
circuited  rotor  of  any  type.  These  would  be  interesting,  as  they  wo\ild 
show  the  difference  produced  by  this  stator  winding,  irrespective  ot  Ihc 
addition  of  resistance  to  the  rotor  windings,  which  h  not  new.  The 
paper  is  an  exceedingly  interesting  one  and  raises  many  points  for 
discussion. 
Rhodes.  Mr.  W,  G.  Rhodes  :  I  have  listened  with  very  great  interest  to  Mr. 
EboraU's  paper.  It  deals  with  a  subject  which  has  not  for  some  time 
been  brought  before  the  notice  of  the  members  of  this  fnstitutioii. 
and  one  which  certainly  deserves  more  attenlion  than  it  receives  in 
England*  It  is,  in  my  opinion,  a  subject  which  will  evcmually  have  to 
engage  our  attention,  whether  wu  will  or  no.  There  are*  as  Mr, 
Langdou  Davies  lias  pointed  out,  some  rather  pccuhar  remarks  in  tlic 
paper  which  require  ehicidation.  One  regarding  self-induction,  on 
page  821,  perhaps  may  be  explained  in  this  way,  I  think  that  Mr* 
EilioraU  is  nUher  misusing  the  term  scif-induction»  because,  in  my 
opinion,  the  coil  has  a  ittrtirr  self -induction.  The  sdf-induction  of  a 
coil  when  there  is  another  coil  near  to  it  is  the  number  of  lines  of  force 
which  link  that  coil  only  and  escape  the  other  Now  Mn  ElK>rair  dis- 
tinctly states  in  his  paper  that  the  starting  Coi(  is  wound  in  such  a 
manner  iis  to  produce  large  leakage.  That  large  leakage,  I  take  it,  h 
the  self-induction.  The  Hevland  motor  is  wound  so  that  ttie  running 
coil  has  a  niinimimi  leakage — ^no  self-induction — if  possible,  while  Llic 
starting  coil  has  a  large  leakage,  that  is,  a  large  self-induction.  The 
reason  why  a  better  result  should  be  ol>taincd  with  a  small  number  of 
turns  on  the  starting  coil  is  that  a  larger  current  is  allowed  to  pass, 
producing  a  large  useful  flux*  or  mutual  induction,  and  at  the  same 
time  a  large  self-induction  to  displace  the  current  out  of  ptiase  wth 
the  impressed  potential  difference. 

1  prefer  to  view  these  problems  rather  from  a  physical  aspect  than 
from  a  matheniatieal  one»  although  I  have  often  looked  at  them  from 
botli  points  of  view.  On  page  S15  the  flux  density  in  the  iron  is  given ; 
I  imagine  that  it  is  rather  too  high.  In  transformers  it  is  not  customary 
to  go  up  to  10,000  lines  or  even  to  5,000  lines  per  square  ccntimctrct 
on  account  of  the  large  hysteresis  loss*  An  induction  motor  is  like  a 
transformer,  and  the  stator  is  subject  to  the  full  frequency  of  the  supply 
circuit,  !>o  that,  in  order  to  keep  the  efficiency  of  the  motor  within 
reasonable  limits,  it  is  advisable  to  keep  the  induction  dctisity 
moderate l}'^  low, 

With  regard  to  Mr.  Ebo rail's  statement  as  to  the  standard! satioo  of 
periodicities  and  voltages  for  alternating-current  motors,  one  cannut 
say  too  much  in  favour  of  tt^  l^ecause  the  want  of  such  statidardisatioit 
is  undoubtedly  the  manufacturer's  bugbear* 

As  to  the  possibility  of  starting  monophase  induction  motors  under 
load,  it  seems  to  me  that  too  much  attention  has  been  devoted  to  Ibjc 
stator  %vui dings*  VJtidovfcVt^V^  \\\^  Ws::?^Wui  wlnditig  is  an  exlm- 
ordinarily  good  one  v  ^^  ^vVW  w*:*^  ^vi^NsXst  ^^s^.  \v  v^^vyta^s  gooci 
results.    Wc  are  l&\4  \\iuX  V^^  i^^"^  6:\^itt ^^^  \>«X^^^  Sj^s^  ^ 
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current  and  the  running  current  is  about  50",     Thy  two  mutual^ fl^xtrs^^j^*  K^" 
the  mutual  flux  of  the  running  coil  and  rotor  and  the  mutual fl,trt  of .^t^  ^^ 

starting  coil    and    mtor,   should    approximately   producl^  a    ^imArm       ^  J^ 
rotating  field.     The  leakage  flux  of  the  starting  coil  should  H|jip1^icc  the^^^  ^^^ 
current  in  it  as  much  as  possible,  the  nearer  90"*  the  better,  iLough^fy^^ 
course  this  value  cannot  be  attained,  bitt  the  greater  the  displlteni^    "^ 
of  phase  the  better  it  is  for  starting*  ^ 

If  further  improvement  is  to  be  made  in  the  starting  of  stich  inJfuc- 
tion  motors,  we  shall  have  to  look  to  the  rotor.  The  Heyland  motor  i;^, 
3.S  far  as  the  rotor  is  concerned,  worked  by  inserting  at  the  start  a 
resistance  into  each  of  the  three  circuits.  The  object  is  to  cut  down 
the  rotor  currents  at  the  start,  because  the  rotor  itself  has  a  large  self- 
induction,  producing  a  large  leakage  field — ^a  large  field  which  does 
not  cut  the  stator  running  CoiL  The  insertion  of  resistance  into  the 
rotor  circuits  diminishes  the  leakage  field,  which,  by  its  demagnetising 
action,  tends  to  nullify  the  effect  of  the  stator  magnetising  current, 
but  it  also  diminishes  the  rotor  energy  current,  which  is  in  phase  with 
the  E,M,F.  induced  in  the  rotor  coils  and  which  produces  the  torque. 
What  we  ought  to  do,  if  possiblCj  is  to  wipe  out  the  self  induction  of 
the  rotor  coils  completely,  in  /act  to  have  no  self-induction  of  the 
rotor  coiis»  no  self-induction  of  the  running  cotl,  ajid  a  large  self-induc- 
tion of  the  starting  coil  It  is  impossible  to  wipe  out  the  self-induction 
of  the  rotor  coils  by  means  of  a  non-inductive  resistance  to  start  with, 
and  to  put  in  an  inductive  resistance  to  start  with  is  worse*  because 
that  will  throw  the  current  more  out  of  phase  with  the  induced  E,M»F. 
I  have  tried  myself  to  nullify  the  effect  of  the  leakage  field  due  to  the 
rotor  currents  themseh^cs  by  the  injection  in  the  rotor  circuits  of 
counter  E.M,FJs  which  will  act  in  opposition  to  the  leakage  field 
produced  by  the  rotor  currentSj  atid  I  have  got  very  fair  results  from 
it.  For  instance,  I  have  got  a  motor  to  start  with  full-load  torque  with 
approximately  li  times  futUload  current.  That  is  not  very  good,  but 
it  is  fairly  so,  and  may  probably  be  improved.  I  have  now  in  process 
of  manufacture  by  the  Clayton  Engineering  and  Electrical  Construction 
Company,  Ltd,,  a  two-horse  induction  motor  for  50  cycles  and  200 
volts,  and  I  am  anticipating  that  the  starting  current  will  not  much 
exceed  13  amperes*  The  counter  Fl*M.F/s  arc  obtained  by  tapping 
the  stator  circuits  in  a  suitable  manner  and  connecting  through  a 
suitable  switch  with  tlie  rotor  collector  rings.  It  can  be  done  by 
using  transformers  with  negligible  leakage. 

The  necessity  of  having  little  or  no  self-induction  of  the  rotor  coils 
and  running  coil  is  obvious  when  we  consider  the  low  power  factor  of 
alternating -current  motors.  When  we  cannot  get  more  than  about 
75  per  cent*  power  factor,  it  shows  that  the  leakage  is  considerable. 

We  cannot  consider  the  alternating*current  motor,  either  polyphase 
or  monophase,  anything  like  perfect  until  we  can  have  at  the  same 
time  a  frequency  changer*  The  present  method  of  changing  the 
speed  is  altogether  crude  and  unscientific.  It  does  not  admit  of  any 
gradual  change  of  speed  at  all,  It  can  jump  from  one  speed  to 
another  and  back  again  suddenly,  but  the  gr^dwaV  cUmv^v^  ol  v^tii^  \** 
impossible  with  the  present  means.    The  oi\\y  mtivvi^  ol  ^Q\t\.%^^V 
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;ind  of  cibtauiitig  ilic  results  which  wc  hopu  to  do  with  inductioti 
molorsp  h  by  tlic  introduction  of  frequency  triinsformcrs  giving  .1  vcrj* 
wide  range  of  frequency, 

Profcsor  Ernest  Wilsox  :  Mr.  Hurst  hn.s  prepared  some  curves 
for  uic  whidi  are  shown  in  the  accompanying  diagram.  The  data  frorni 
which  those  curves  have  been  obtained  were  supplied  to  me  by  well* 
known  minufacturcrs  of  induction  motors.  In  the  diagram  vertically 
the  weight  of  the  motor,  suitable  for  belt  driving*  is  gtven  in  pounds, 
without  reckoning  foundation  rails,  starting  resistances,  or  anything 
external  to  the  motor.  Horizontally  is  plotted  a  quantity  which  I  once 
ventured  to  call  a  *' mass-factor/' '  that  is  to  say  it  is  the  B/H,P,  o( 
the  motor  divided  by  the  revolutions,  of  the  motor  per  minute*    The 


curve  A  refers  to  a  single-phase  motor  suitable  for  working  at  a  frcqacttcv 
of  50  periods  per  second  ;  the  curves  B,  C.  E  and  F  refer  to  multiphase 
motors  at  50  periods  per  second*;  whilst  the  cur\'e  D  refers  to  multi- 
phase motors  at  60  periods  per  second  :  the  data  being  such  that  the 
cur^-es  are  comparable  with  one  another  The  dotted  curv-e  <t  refers 
to  direct-current  four- pole  motors  made  by  a  well-known  firm,  and  is 
included  for  comparison  with  the  cur\'es  which  have  been  otilained 
from  the  induction  motor  data.  I  should  like  to  point  out  that  diflferent 
makers  have  widely  different  ideas  as  to  what  the  weight  of  a  motor 
should  be  for  a  given  mass-factor*  For  instance,  taking  a  mass* 
'  Rtt?  Proc,  ItisL  Elu.  Eng*^  part  137,  voL  spcvi,  p.  160. 
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factor  of  o*rj  the  wuiglit  may  vary  through  very  wide  limits,  according  e  *^™^ 
to  the  ideas  of  the  several  makers  :  and  this,  I  think,  is  an  important 
matter.  The  prices  of  these  motors  have  been  plotted  in  terms  of  the 
nuss- factor,  I  have  not  got  the  diagram  here,  but  there  is  not  such 
a  great  difference  between  the  prices  as  there  h  between  the  weights. 
In  conclysion,  I  wish  to  congratulate  Mr.  Eborall  on  presenting  such 
a  valuable  paper* 

Professor  C.  A.  CAKUs-WiLSON  :  The  most  interesting  part  of  this  ^™^<***^ 
paper  is  that  relating  to  starting  devices  for  si ngle< phase  motors.  I  \vmon, 
have  endeavoured  to  make  out  from  Mr.  Eborall's  paper  exactly  how 
Mr,  Hcyland's  device  works,  but  it  is  not  easy  to  ascertain  %vhat  is  the 
real  action  producing  this  restilt,  and  the  difhctilty  is  increased  by  the 
way  in  which  Mn  Eborall  uses  the  word  **  self-induction/*  The  problem 
of  the  single-phase  induction  motor  point  is  to  get  a  strong  field  lagging 
well  behind  the  primary  field.  One  way  in  which  this  has  been 
attempted  is,  as  Mr.  Eborall  has  indicated,  to  use  an  outside  choking 
coil  The  disadvantage  of  this  met  hoc!  is  that  while  you  get  a  good  lag 
you  waste  your  field  ;  that  is  to  siiy,  the  ftux  in  the  choking  coilis  no  use 
for  producing  torque,  or,  as  Mr.  Eljorall  puts  it,  **  the  strength  of  the 
cross  flux,  in  the  motor ^  is  diminished  by  an  amount  equivalent  to  the 
leakage  flux  of  the  coil/'  If,  on  the  other  hand,  you  try  to  get  your  lag 
by  using  a  starting  coil  of  large  self-inductioUj  you  fmd  that  the  effect 
of  the  self-induction  is  neutralised  by  the  reaction  of  the  currents  in  the 
rotor,  so  that  you  have  a  strong  field  but  a  poor  lag.  What  Mr,  Hey- 
land  has  done  is  practically  this.  He  has  taken  a  single- phase  motor 
with  the  usual  starting  coil  and  no  outside  choking  coil,  an  arrangement 
which,  under  ordinary  circumstances,  w^ould  give  you  hardly  any  start- 
ing torque  J  and  he  has  allowed  some  of  the  useful  flux  of  the  starting 
coil  to  leak,  by  providing  it  with  a  carefully  designed  leakage  path, 
and  this  leakage  flux  is  enough  to  give  a  good  lag.  It  is  true  that  by 
permitting  leakage  he  weakens  his  field,  but  in  doing  so^  he  gets  a  field 
out  of  step  %vith  the  torque-producing  field,  and  in  that  \\2.y  he  is  able 
to  get  a  good  lag,  I  think  that  the  real  discovery  Mr.  Heyland  has 
made  is  that  it  pays  to  take  away  part  of  the  total  field  of  the  starting 
coih  when  by  so  doing  you  can  make  it  leak  and  thus  get  a  good  lag. 
As  to  the  reason  w^hy  it  is  found  advantageous  to  have  but  few  turns  in 
the  starting  coil,  it  seems  to  me  simply  a  question  of  ohmic  resistance, 
since  by  lowenng  the  resistance  you  can  increase  the  lag  that  you  get 
for  any  given  self*inductive  effect.  Mr.  Heyland  has  certainly  obtained 
good  results*  that  is  to  say  for  singlc*phase  motors,  namely,  a  full-load 
starting  torque  with  twice  the  full-load  current*  Looking  at  the  diagram 
on  page  8it^  one  sees  in  the  lirst  place  that  the  speed  regulation  is  good 
for  a  motor  of  that  siJie  :  in  fact  the  speed  regulation  of  a  single-phase 
motor  is  in  general  better  than  that  of  a  polyphase  motor.  The  effi* 
cicncy  is  very  fair  as  shown  by  the  diagram.  The  great  defect  is^  no 
doubt,  the  low  power  factor.  Few  things  are  more  pro%"oking  to  the 
L-lcctrical  engineer  than  lagging  current.  One  feels  that  it  is  not  doing 
llie  least  good,  and  yet  you  cannot  get  rid  of  it.  Of  course  with  a  single- 
phase  induction  motor  all  the  bad  effects  due  to  ktgging  currents  that 
you  get  in  the  polyphase  motor  arc  intensified,  since  the  primary  current 
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lias  to  carry  the  magnetistng  current  for  both  the  main  field  and  the 
cross  fie  Id,  and  consequcntiy  you  get  a  very  low  powcr*factor,  as  showti 
in  the  diagram »  tsomethiiig  between  $q  and  60  per  cent,  at  tiaif  load. 
Electrical  engineers  have  made  great  efforts  to  increase  the  vaJoc 
of  the  power  factor,  In-  this  connection  it  is  difficult  to  avciid 
mentioning  the  name  of  Mn  Steinmetz,  the  Clerk  Maxwell  of  alter- 
nating'current  cugineering*  since  it  is  almost  impossible  to  say 
anything  about  induction  motors  that  has  not  been  written  or  ^aid  by 
Mr,  Steinmet2,  It  is  not,  I  think,  out  of  place  to  refer  to  the  rcmarkablu 
discovery— as  I  think  it  may  he  ciilled^^itiite  recently  made  by  Mr. 
Stein  met/  of  the  single-phase  condenser  motor.  In  the  course  of 
experiments  Mr  Stcinmetz  found  that  if  in  a  single-phase  induction 
motor  you  connect  the  starting  coil,  called  by  him  a  tertiary  coil,  to  a 
condenser,  of  suitable  capacity^  it  can  be  made  to  supply  the  magne- 
tising current  for  the  cross  rii;ld»  thereby  reheving  the  primary  of  I  be 
burden  of  supplying  that  current,  and  thus  raising  the  power  factor  to 
that  of  an  ordinary  polyphase  motor.  Further,  by  increasing  thv  capa- 
cily  of  I  he  condenser,  not  only  can  it  be  made  to  supply  the  magne- 
tising current  for  the  cross  field,  but  also  that  for  the  main  field,  la 
this  way  I  he  condenser  actually  supplies  the  whole  of  the  magnetising 
current,  and  the  power  factor  is  raised  to  one  hundred  per  cent  It  is 
true  that  this  gives  no  advantage  at  starting,  it  simply  enables  you  to 
run  at  synchronism  with  a  high  power  factor.  Mr,  SteiiimeLr  gets 
his  starting  effect  by  shifting  the  tertiary  or  starting  coil  round  through 
a  cert.iin  angle  ;  this  seems  to  have  led  him  to  the  idea  of  appMng 
this  method  to  an  ordinary  three-phase  motor,  that  is  to  say,  simply  to 
put  the  condenser  across  one  of  the  threc*phase  connections.  In  thii 
way  he  guts  a  good  starting  effcct^though  not  as  good  as  when  the 
motor  h  running  on  a  polyphase  circuit.  Not  content  with  putting  > 
condenser  coil  across  one  of  his  three- phases,  he  puts  a  reaction  coil 
across  the  other,  and  finds  that  he  is  able  in  this  way  to  make  the 
starting  tortjue  and  the  output  of  a  single- phase  induction  oiotor  as 
high  as  could  be  obtained  if  the  motor  were  running  as  a  three-ph^iser 
and  at  the  same  time  with  a  power  factor  at  synchronism  of  over  97  per 
cent,  1  think  that  is  a  remarkable  result.  It  will  be  said  that  with  i\m 
system  you  have  to  use  condensers^  and  that  there  are  serious  objections 
to  this*  No  doubt  there  are  objections  to  condensers,  but  like  many 
other  objections  they  may  perhaps  be  got  over.  In  any  case  I  think 
Mr,  Steinmet^  may  be  congratulated  upon  his  achievement, 

Mr.  S.  Z.  »K  FERRAJfTi  :  I  have  followed  this  paper  witti  the  greatest 
possible  interest,  but  the  concluding  remarks  interested  tne  even  mtifc: 
than  die  paper,  because  in  them  the  author  say^that  single-phase  supph" 
is  practically  played  out.  Well,  if  that  is  so,  J  think  it  is  a  very  gra' 
pity  to  have  taken  up  the  time  of  one  of  the  Institution's  meetings  witfi 
a  paper  about  single-phase  alternating-current  motors.  So  far  as  1  cao 
see,  single- phase  alternating  supply  is  only  just  commencing,  prond*?^ 
it  is  carried  out  in  the  right  way.  I  do  not  say  that  to-day  for  a  larj;^ 
power  scheme  I  should  feel  inclined  to  lay  down  a  single*phase  <iyvtaii. 
but  I  feel  confident  that  in  less  than  a  year's  time  we  shall  he  pbnnitig 
5ingle*pbase  po^ct  sc\ie£H\^^  iot  all  purposes.    Indeed,  to*d^5*  *^  wtiokl 
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bt*  very  hai'd  to  get  any  tiling  better  than  a  single- phase  power-  fp;^^,,!! 
supply  for  feeding  a  continuotis-current  (letwork,  I  tliink  it  would 
be  found  the  cheapest  way  of  doing  it  through  molor-ge aerators,  and 
I  think  it  will  be  found  Ihe  most  efficient  and  gtjnerally  the  most 
s:itisfactory  way.  For  town  lighting,  where  there  is  a  fair  amount  of 
motive  power  work,  very  excellent  motors,  among  them  that  of  Mr. 
Hey  land,  have  made  this  quite  a  practical  system,  and  there  is  very 
little  supL-riority  of  the  continuous-current  for  ordinary  motor  work 
over  a  low  periodicity  alternating.  There  is,  of  course,  the  que**- 
tion  of  rtinning  lifts,  and  motors  of  that  class  still  require  a 
satisfactory  solution.  I  am,  however,  quite  confident^  and  that  apart 
from  what  we  hoar  that  Mr,  Steinnietz  has  done,  th.it  (here  will  be 
before  long  commercial  single-ph^isc  motor**  on  the  market  with  a 
power-factor  of  very  nearly  unity,  and  an  efiicicncy  of  about  go  per 
cent.,  or  even  more,  in  ordinary  praclice.  With  regard  to  what  we 
have  heard  about  Mr,  Steinnietit^  it  seems  strange,  since  the  problem 
is  solved,  that  we  do  not  see  the  residt  of  the  bolution  on  the  market. 
As  a  matter  of  fact,  I  do  not  think  Mr.  Stcinmctz  was  at  all  original 
in  the  work  that  we  have  heard  attributed  to  him.  Who  really  started 
this  idea  I  do  not  know,  but  I  saw  eight  or  nine  years  ago  a  motor  i^d 
on  3.  single-phase  circuit  running  practically  as  a  two-phascr  and 
using  a  condenser  on  one  circuit  which  gave  all  the  results  that  we 
have  heard  of,  and  yet  that  motor  is  not  oti  the  market.  I  suppose  the 
reason  is  because  one  of  the  elements,  the  condenser,  is  commercially 
wanting.  If  we  had  the  condenser  it  would  settle  a  great  many 
problems  and  improve  a  great  many  rather  awkw*ard  positions,  No 
doubt  the  demand  will  bring  forth  the  article  sooner  or  later,  and  I 
tiope  sooner.  With  regard  to  the  question  of  single- phase  motors  as 
applied  to  the  production  of  power  in  cities,  ordinarily,  I  think  thai 
engineers  running  single-phase  installations  need  not  feel  in  the  least 
uncomfortable  or  anxious  about  the  future  of  their  installations, 
provided  they  are  of  low  periodicity.  We  have  heard,  as  I  said 
before,  that  this  class  of  work  is  played  out ;  but,  on  the  other  hand, 
I  think  ttiis  class  of  installation  is  just  commencing  its  real  career 
of  nsefuhiess.  Still,  I  would  like  to  point  oat  tliat  high-frequency 
installations  are  at  a  very  great  disadvantage,  and  whatever  improve- 
ments are  made  in  the  way  of  motors  and  in  the  way  of  running  these 
systems  generally,  I  do  not  think  that  they  will  ever  get  to  be  as  satis- 
factory commercially  or  as  good  generally  as  low-periodictly  single- 
phase  systems.  There  is  no  doubt  that  the  low  periodicity  greatly 
assists  the  motor  question  besides  many  other  questions,  and  I  think 
that  when  we  have  got  the  few  additional  developments  which  are  still 
wanting  we  shall  see  the  bulk  of  power- sup  ply  and  distribution  work 
done  with  si ngle- phase  alternating  currents. 

Mr.  W.  B,  ESvSOJf :  The  lar^Lje  attendance  at  this  meeting  show^s  the  Mr.  Es^od, 
great  interest  whicli  is  being  taken  in  induction  motors,  and  Mr.  Eborall 
is  to  Ik;  congratulated  on  bringing  this  subject  before  the  Institution. 
But  in  the  short  time  at  our  disposal  the  matter  cannot  l>e  discussed  in 
the  w^ay  it  certainly  deserves.  I  should  like  to  say  that  I  appreciate  in 
the  highest  degree  a  remark  made  by  the  author  at  the  end  o(  tU<^  %%N- 
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Wr  E»<^n      part  of  the  paper,  where  he  says  "  that  experience  in  designing  and  i 

lar^c  quantity  of  experimental  data   for  the    type   in    que^ion  arc 
absolutely  necessary*  if  the  best  results  are  to  bQ  ohtsdned.*'     li  vm 
devour  the  whole  literature  of  the  subject  the  feast  will  not  enable  von 
at  the  first  trial  to  design  a  good  induction  motor,  and  I  think  ei^ery 
designer  know;;  that*    Coming  to  the  points  of  construction,  I  am  very 
interested  in  Mr.  Eborairs  way  of  building  up  the  stator  plates  ^^t 
there  appear  to  be  some  disadvantages  which  Mr.  Field  has  alreadr 
alluded  to^  and  which  may  become  accentuated  in  motors  of  large  siit 
In  the  motors  my  firm  has  made  we  have  fitted  the  plates  right  into  the 
cast-iron   stator  cases.     We   find  that  we  cannot  dispense  with  the 
toolings  t)ccausc  the  stampings  are  not  good  enough  to  enable  U5  to  have 
a  uniform  gap  of  ^^  m,  with  plates  of  12  in.  diameter,  withoui  tooling 
inside.    Mr.  Eborall  puis  the  matter  in  this  way.     He  saj-s  :  '•  I  cannot 
use  the  hole  stampings,  liccausc  if  I  do  1  have  to  tool  them,  as  the  shred 
of  iron  left  must  be  ver^'  small.*'  On  the  other  hand  I  put  it  this  way  :  I 
have  to  use  the  hole  stampings  for  smaJl  motors,  tiecausc   there  b 
no  other  kind  I  can  tool     If  I  have  slotted  stampings  they  cannot  be 
tooled,  because  they  burr  up.    There  is  a  question  in  my  mind  as  to 
whether  the  stators  with  the  straight  slots,  as  made  by  the  American 
Companies,  notably  the  WestingUouse  Company,  or  the  stators  with 
the  hole  winding  made  by  the  Continental  firms,  are  the  be^t.    The 
one   has  certainly  all  the  coils  woimd  on  formers,  and   you  get  a 
perfectly  symmetrical  winding,  and  a  winding,  I  think,  which  shouM  be 
easier  to  repair  than  the  hole  wound  stators,  where  you  have  beni  '■.  ii 
and  straight  coils  alternately.     It  is  a  very  important  point  in  serj^i^ 
motors  abroad,  where  no  technical  skill  can  be  found — or  at  any  rate  the 
technical  skill  is  of  a  very  low  order^-to  have  motors  that  require 
no  repair,  or  very  little  repair ;   and   when  they  do  want  rehiring 
the  repairs  ought  to  be  abk  to  lie  performed  In  the  eaiiiest  possible  wav. 
On  page  808  Mr,  Ebiorall  refers  to  the  starting  of  the  motors,  and  he  says : 
**  For  motors  having  to  start  against  load  (apart  from  crane,  elcvatOTf 
and  mining  motors)  the  author  is  decidedly  of  opinion  that  the  squirrel^ 
cage  construction,  or  its  modifications,  should   be  avoided   i^ith  all 
polyphase  motors  abovit  5  BJi.P."     That,  I  believe,  is  the  Contiueutal 
practice.  Motors  with  squirrel- cage  windings  are  not  usually  made  above 
from  5  to  10  h.p*,  though  I  have  got  some  firms  to  make  thom  as  hi^ 
as  21.    On  the  other  hand,  the  American  practice  is  quite  the  reverses 
There  they  make  motors  of  any  siite,  with  squirrel-cage  windings.    The 
largest  I  liave  had  was  from  the  Westinghouse  Company,  a  50  h.p.  with 
squirrel-cage  winding,  and  it  f^ave  every  satisfaction,      I  should  like  to 
hear  more  fully  the  author's  reason  for  limiting  the  size  of  the  motor 
with  a  squirrel-cage  winding  to  such  a  low  power  as  5  h.p.      It  must  b. 
remembered  that  a  wound  rotor  is  much  more  expensive.      In  the  ai>' 
of  a  wound  rotor  you  want  probably  four  limes  the  amount  of  copper  Vj  ,.| -^ 
the  same  result,  and  with  the  wound  rotor  you  have  a  somewhivt  snuillci 
power-factor.     Coming  to  the  figures  which  ^Ir.  Eborall  gives  of  the 
performance  m  '*  't^oVes,  o*a  ^G^^o^mance  and  Design,**  in  my  Society  of 
Arts  paper »  read  Vt\  i^li  \  ^^^  ^"^^  t^^3sts  ^a^  VKe  ^ower4actor. 
These  wefe  not  tt^Q  ^am^  ^^  ^o^  ^^  ^^-  ^V^tS^^  ^2&St^^*t^  ^siasst  ^ 
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this  wavi  that  Mr*  Eborsdl's  figures  ard^  I  understand,  guaranteed  Wr.  Esaon. 
performances,  wlicreas  mine  were  actual  perfornmiicus.  There  is  a 
very  ^frcat  diflfcrcricc.  I  have  had  tlic  figures  for  power-factor^;,  wliieh 
Mr.  Eborail  gives  specifted  and  also  guaranteed,  hut  I  have  never  got 
them.  1  can  tell  you  what  is  given  by  the  very  latest  and  best  practice 
on  the  Continent.  I  have  had  an  opportunity  of  testing  all  sizes  of 
two-phase  motors,  from  5  h.p.  up  to  roo  h,p»,  and  the  very  best  power- 
factor  we  ever  got  with  a  15  h,p,  was  81  per  cenL  (that  u*as  with  a 
squirrel-cage  winding);  with  25  h.p.  78  per  cent.i  and  %vith  100  h.p. 
80  per  cent.  They  were  two-pliase  motors,  with  a  frequency  of  50. 
While  therefore  I  am  a  great  believer  in  the  induction  motor^  I  am 
no  believer  in  Mr.  EboralTs  figures.  That^  I  think,  is  all  I  have  to  say 
on  the  motor  question.  There  is  one  point  which  has  been  referred  to 
by  Professor  Carus-Wilson,  namely,  the  question  of  condensers.  I 
should  like  to  hear  from  Mr.  Eborail  whether  latest  advices  from 
the  Continent  and  America  on  the  subject  show  condensers  to  be 
commercially  successfttL  Several  years  ago  the  Stanley  Miiiuifactiirhig 
Company  in  the  States  introduced  as  an  ordinary  thing  in  their 
catalogues  condensers  for  working  with  two -phase  motors,  but  I  never 
heard  whether  they  had  been  successful  commercially  or  not,  I  should 
very  much  like  to  have  some  hi  for  mat  ion  upon  that  point. 

Mr,  G.  U  Addembrooke  :  I  think  Mr.  Eborail  is  to  be  congratulated  ^'rA^'^*'*' 
on  the  manner  of  his  paper^  as  w*ell  as  the  matter.  1 1  seems  to  nic  that 
he  has  presented  the  whole  subject  in  a  very  well-balanced  way. 
There  is  one  point  with  regard  to  the  power-factor  which  1  should  like 
to  allude  to,  following  on  what  Mr.  Esson  has  said.  It  appears  to  me 
that  the  wattless  current  taken  by  motors,  though  not  actually  constant, 
is  more  or  less  a  sort  of  constant  over  a  considerable  range^  and  it 
would  be  very  useful  if  in  the  figures  he  has  given  us  Mr.  Eborail  could 
split  up  this  no-load  current  into  two  factors,  the  watt  current  actually 
taken  for  friction  and  magnetising  the  iron,  and  the  actual  wattless 
current  required  to  produce  the  field.  These  figures  are  very  uscf ul> 
because  if  you  have  that  constant  for  no  load  it  enables  you  to  get 
an  approximate  iigure  for  the  power-factor  for  any  other  load,  I  do 
not  say  that  it  is  absolutely  so,  because  leakage  comes  in  witli  a  heavy 
current^  but  it  certainly  gives  a  very  useful  approximate  figure. 

The  only  other  point  1  wish  to  deal  with  is  the  question  of  single* 
phase  vtnus  two-  or  three-phase.  It  is  rather  unfortnnatCi  when  we 
are  proposing  to  open  out  into  this  work,  that  this  question  should  be 
raised  again ♦  I  have  spent  some  time  in  looking  into  the  matter  from 
a  practical  point  of  vieWj  and  it  seems  to  me  that  it  is  difficult  to  form 
any  very  definite  opinion  on  the  subjectj  as  one  cannot  go  on  any  very 
clear- cut  lines.  You  can  get  up  to  a  certain  point,  after  which  we  must 
speculate  upon  unexpected  developments  of  some  sort  or  other.  Mn 
Ferranti  may  know  something  which  he  has  not  told  us  which  might 
modify  our  ideas,  but  I  must  say  I  cannot  sec  anything  on  the  horizon 
which  would  in  the  end  make  single-phase  belter  than  a  two-  or  three- 
phase  alternating-current  for  most  pui'poses.  Supposing  we  actually 
succeeded  in  making  a  single -phase  alternaliugmoVot  -^  ^aod^^^V^ic^- 
phase  motor— to  a//  intents  and  purposes— should  vjc  \\axc  j.  nv;x^  ^^^-aS. 
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g^aiii :  Woold  tl  noi  Oill  be  better  to  Isiire  tura  or  three  ptuise  ?  Are 
there  not  certaia  advaalage^  ta  iLii-mg  two  and  three  pba^^v  I  do  not 
lay  tJi  Ibe  motor  iUelf ,  bot  in  tbe  wbolo  system,  wbich  woald  outweigh 
s  questbtt  of  the  apparent  simplicity  of  single  phase  ?  That  i^  the 
point 

Mr*  Eu^TACK  TaoiiAS :  Mr.  Eborall's  paj>er  has  raised  many  poiats 
of  interest,  btit  it  wiU  oofy  be  possible  at  this  Me  honr  to  refer  to  mvn 
Of  two  of  them. 

The  u^  oi  squirrel-cage  rotors  had  bceji  disparaged  in  a  maniMff 
wliich  is,  1  think,  somewhat  too  gcncraL  There  arc  many  cases  where 
a  squtrrel*cage  rotor  would  prodticc  objcctionabk  di^turtiance  e^'en  iii 
a  motor  of  only  one  or  two  horsc-powtir*  On  the  other  hjind^  there  art 
Kj.s^'^  where  Mich  rotors  can  he  used  with  advantage  in  motors  of  5 
horse* power  or  more*  Perhaps  the  only  gctfer^lisation  that  can  b. 
made  is  that  stitiirrd'Cage  rotors  should  be  used  m  all  the  numerous  ca^^ 
where  no  striotii*  disturbance  will  result,  and  where  Uie  other  condition 
i<re  suitable ;  the  engineer  mil  have  to  decide  rach  case  on  its  own  menK 
An  engineer  cannot  afford  to  get  the  reputation  of  being  a''  w^uad-rot';>r 
man/*  or  a  "  squirrel-cage  man/'  any  more  than  he  should  allow  himseli 
to  be  considered  a  *' continuous-current  man"  or  a  "  thrcc-pbase mxa." 
Each  system  should  receive  application  in  its  proper  place. 

In  his  '*  Notes  on  Performance  and  Design/*  Mr.  Eborall  gtxti 
values  which  arc,  1  thinks  more  applicable  to  the  closed  ^lot,  ^^r 
Continental  design  ^  than  to  the  open  slot  American  type.  The  biui 
undoubtedly  has  a  larger  magnetising  current,  but  it  possesses  tic 
advantages  of  form-wound^  interchangeable  windings,  and  seem&  to 
give  somewhat  t>elter  results  as  rc^rds  breakdown  point,  efficiencr* 
and  power  factor,  although  these  do  not  depend  only,  of  course^  on  tlw 
shape  of  the  slots.  In  illustration  of  this  I  may  quote  the  following 
tests  selected  at  random. 

The  breakdown  point  of  a  5  H.F,  motor  occurred  at  17  tmie*  luil- 
load  current,  and  of  a  50  H. P.  motor  at  4J  times.  Motors  of  inter- 
mediate capacities  had  values  between,  This  is  a  matter  uf  con^dcr* 
able  importance,  as  the  availubte  torque  varies  as  the  square  of  the 
voltage,  and  such  losses  as  commonly  occur  in  distribution  systcois 
Inive  frequently  resulted  in  the  motors  failing  to  carry  their  load- 
As  regards  efficiejicy,  tests  of  a  5  H.P.  motor  showed  SiJ  pec  centt 
und  of  a  15  11, P,  motor  88  t^  per  cent.  The  5  H.F,  motor  further  gave 
a  power  factor  of  87^  per  cent.  It  may  be  that  the  values  in  the  jxipcT 
are  guarantees^  in  which  case,  no  doubt,  a  factor  of  safety  bais  t>ctii 
allowed,  and  the  difference  would  not  be  so  great. 

As  further  illustrating  how  motors  of  good  design  may  differ,  and 
still  give  gooti  practical  results,  I  may  say  that  the  air-gap  on  siiuU 
motors  may  be  largerj  and  on  large  motors  smaller^  than  Mr.  EborJ-V? 
figures  with  good  results. 

The  preceding  discussion  has  made  it  clear  that  the  Heyland  niotof 
starts  in  the  same  general  way  as  other  motors  commotUy  used,  aiul  it 
U  unnecessary  lo  dwell  at  length  on  tlic  matter*  To  Heyland  is  di^e  the 
credit  of  seeing  Ihal  a\^^^  ^'^^^  T^xia^M^^^iCL  \i^  the  starting  coil  Ls  an 
advantage,  and  Iha-l  sul^CL«tv1\a%^^tt>nit  ^\ivw^vxs.S5cift.i:^-yytjne,  hf 


i§oo.]  DISCUSSION,  m 

hunching  ihe  windings*  and  so  shaping  the  slot   that  a  considerable  Mr.Thoma*. 
leakage  j^ath  exists.     Mi%  Field'^  expL-ination  of  tlie  vahic*  of  tlic  larger 
flux  is  new  and  inttTt^^sting. 

The  qnc^lion  has  been  raised  by  several  speakers  as  to  the  possibility 
ol  using  condensers  commercially  with  single-phase  motors*  I  am  able 
to  say  that  they  have  to  my  knowledge  been  used  for  some  time  past 
with  success.  After  what  has  been  said,  the  Institution  may  be 
interested  to  hear  some  of  the  results  obtained  on  Ihc  commercial^  as 
distinct  from  the  experimental  scale.  A  5  H,P,  motor  gave  a  power 
factor  of  90  per  cent,  and  an  efficiency  of  80  per  cent.  It  further  started 
with  fulMoad  torque  at  il  of  the  full*load  current.  The  advantages  of 
the  system  both  ai  regards  starting  and  runnijig  will  thus  be  apparent, 
and  should  make  it  possible  to  use  ^uch  motors  on  existing  lighting 
circuits  having  poor  regulation  on  accoimt  of  (iiiagnetically)  leaky 
transformers,  or  other  causey 

Professor  Carus-VVilsqx  :  Was  a  re-actance  coil  used  ?  ProfeMor 

e.arua' 

Mr.  Thomas  :  No.  The  motor  may  be  described  as  a  three-phase  Wikoa. 
motor,  the  single-phase  Une  circuit  being  joined  direct  to  two  terminals  *"'  ""^^^ 
of  the  motor,  w^bile  the  third  motor  terminal  was  joined  to  one  side  of 
the  single-phase  circuit  through  a  condenser.  The  condenser  remains 
in  circuit,  and  the  motor  with  its  condenser  is  treated  as  though  Ihe 
circuit  were  three-phase.  In  this  c;ise  there  is  t\o  starting  coil  to  be  cut 
out,  but  the  whole  of  the  winding  is  available  both  for  starting  and 
runningi  and  tience  the  motor  may  be  considerably  smaller  than  the 
ordinary  single-phase  machine.  This  is  ol  interest  in  relation  to  Mr, 
Eborall's  remarks  on  the  subject  of  aizcj  and  in  that  it  enables  the  cost 
and  wx'ight  of  the  motor  and  condenser  combined  to  be  kept  within 
limits*  The  shipping  weight  of  a  5  H.I\  motor  with  all  starting  ge;u* 
was  610  lbs,,  but  this  contained  a  consideratik'  proportion  of  packing, 
probably  about  20  per  cent.  The  advantages  of  good  power  faclori. 
efficiency  I  and  starting  are  thus  obtained  without  extravagant  weight  or 
expense. 

The  system  of  Speed  regulation  described  enables  the  speed  of  tho 
motor  to  be  doubled*  but  intermediate  values  must  be  obtained  by 
resistance  in  the  rotor  circuit-  1  have  the  results  of  tests  made  on 
motors  with  a  variable  number  of  poles  some  time  back,  and  it  is 
evident^  as  might  be  expected,  that  the  constants  of  the  motor  suffer. 
In  the  cases  that  liavc  aiisen  in  my  own  practice,  a  speed  range  of  two 
tu  one  has  usually  been  the  extreme  limit,  and  the  limit  speeds  have 
been  seldom  required^  the  motor  usually  running  at  some  intermediate 
value.  This  unfortunately  greatly  nioderates  the  value  of  variable  pole 
speed  control ;  but  within  their  limited  Held  of  application,  the  devices 
of  Mr.  Heyland  are  ingenious  and  command  respect. 

Mr.  A.  C.   E BO RILL,  in  reply,  siiid  ;  I  have  to  thank  the  various        vborait 
speakers  very  heartily  for  the  honour  they  have  done  me  in  discussing 
the  paper,  and  for  their  appreciative  remarks.      Several  questions  of 
considerable  interest  have  been  raised,  and  regarding  these  I  would  like 
to  reply  as  follows  i- — 

Mr,  Field  thinks  that  the  method  of  buMmg^  Mp  \.W  ^\:i\.Q^  c^qs.^- 
discs  of  Induction   motors,  employed   by  my  1t\r«v  'AYt-i  d^^^t^^^^  v^ 
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Ibe  paper,  ntatf  prote  olipectkMaibie  on  aasoonl  itf  ibc  piktlcs  wcirldng 
looMT  attdcr  tbr  eoafinral  liealjsig  and  coo&sg  lo  which  tbey 
are  sabjectal  in  tlie  niQlor,  I  lixmk  Mr*  Field  iriU  agree  thzt  tif> 
obfectiofi  eatirciy  dtsippeaf^  when  I  tcil  him  that  the  rivets  ;ure  put  m 
iiot  As  staled  in  Ibe  paper,  bmrevcr*  tlte  tndliod  b  not  so  sottabte  lor 
vwj  tat ge  faotors»  and  meidific^aiis  arv  lAtrodiiced  lor  motors  above 
3a  B.H  J*. ;  op  ta  this  siuEe  it  has  proirrd  thoro<ig|ilT  s;atisfactof>v  »*d 
fdveral  hondrcd  motors  so  cotistntctcd  have  oevrr  g^cn  the  stig^tc^ 
Iroabfc.  Mr,  Field  ^gge^ji^  Ihat  I  ^ouM  give  some:  6gun?s  for  direct* 
current  motors  Velaling  to  desiga  aod  pcrformsLncc,  for  purposes  of 
comparison  wtlh  the  induction  motors.  It  is  a  little  ditBculi  to  do  tbis^ 
bccau^  the  Egares  for  various  malees  of  dtrect-current  motor  v^ 
enonnoii^tVt  00  accottnt  of  the  variation  in  de^go ;  with  induction 
moton  thb  diStculty  docs  not  come  in  to  ajiything  hkc  the  i^i^itnc  cjctcnt, 
as  the  general  desigo  \s  practicaOy  the  ^^ame  mth  all  mak^s.  B«it  1 
may  say  that,  geaeralty  speaking,  the  efliciency  fignres  gioxantcied  by 
different  makers  for  scmi-cncloscd  direct -current  motors  are  about  the 
lome  as  those  given  in  the  paper  for  poi^-phase  motors,  and  tbe  same 
remark  applies  to  the  heating.  But  the  overload  capacity  is  much  less> 
and  the  weight  per  B.H,P,  considerably  greater  for  >uch  motors,  com- 
pared with  the  figures  for  polyphase  motors, 

I  am  ^ure  we  are  all  indebted  to  Mr,  Field  for  his  very  clear  procjl 
that  in  order  to  get  the  greatest  possible  starting  torque  with  a  single^ 
plia^  motor^  it  is  necessary  to  make  the  fiux:  of  the  starting  cotb  much 
greater  than  that  of  the  running  coilf,  and  that  it  is  not  necessary  to 
aim  at  the  production  of  a  uniform  rotating  field  at  starting,  Mr. 
Hey  land  arrived  at  this  result  in  quite  a  different  manner,  his  method 
being  not  nearly  so  simple  as  that  of  Mr,  Field,  but  it  is  curious  that  this 
important  point  should  have  been  missed  by  every  other  designer  of 
single- phase  motors.  Mr.  Hey  land  saw  some  years  ago  that  the  idea  of 
two  equal  fluxes  at  starting  was  fundamentally  wrong,  because  the 
current  in  the  starting  coils  of  the  single-phase  motor  cannot  be  made 
by  any  knovni  means  to  have  a  lag  of  anything  like  go'  (as  witli  the 
second  phase  of  a  two-phase  motor),  and  he  proved  that  by  allowing  the 
starting  llux  to  be  stronger  than  the  flux  of  the  running  coils  by  a 
dehnite  amount,  it  is  possible  to  imitate  the  starting  conditions  of  a  two- 
phase  motor,  which  is,  as  Mr,  Fit;ld  says,  a  radicidly  new  departure  in 
singk-phase  motor  design.  The  result  has  been  that  tbe  Hey  land 
motors  are  fpir  ;ind  away  ahead  of  any  other  single-phase  motor  with 
regard  lo  tliv  value  of  starting  torque  obtained  with  a  given  current 
consumption.  Mr,  Field's  remarks  on  the  Hcyland  speed  cb^inging 
device  are  perfectly  correct,  and  may  serve  to  make  ttiat  portion  of  the 
paper  referred  to  ho  me  what  clearer* 

Mr.  Langdon  Davie s  asks  for  my  reasons  for  stating  tliat  single-phase 
motors  above  7i  B.H.P.  should  be  furnished  with  slip-rings.  My  owti 
cxpei  ience  in  this  matter  has  led  me  to  this  conclusion  chiefly  on  account 
of  the  belter  starting  and  greater  overload  capacity  ^parlicidarly  the 
former)  brought  about  by  the  enipio)  nicnt  of  wound  rotors  :ind  a  non- 
inductive  resistance,  1  have  found  that  with  a  given  single-phase  s\M%x 
winding,  a  wound  rotor  used  in  conjunction  with  a  non-inductive 
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rc-sistaiicc  will  islart  and  mil  up  to  speed  %Htii  i2-20pi!r  cent,  less  current 
than  any  pattern  of  permanently  short-circuited  lolor^  and,  moreover, 
owin^  to  the  better  distribution  of  current  in  ttie  bars  of  a  wound  rotor 
,coni pared  with  that  in  the  tiars  ol  a  rotor  of  the  squirrcl-ca^'c  type,  the 
overload  capacity  is  con^^iderably  greater.  Again,  a  rotor  with  a 
permanently  *ihort- circuited  winding  is  far  more  Ukely  to  have  dead 
points  at  sLu^ting  when  used  in  a  single-phase  motor,  which  is  perhaps 
the  reason  why  the  current  con:iumption  is  greater.  Slip-ring!?  (normally 
short-circuited)  ^ivc  so  little  trouLile,  and  cost  ho  httle^  that  I  certainly 
think  w^ound  rotors  are  preferable.  I  may  mention  in  this  connection 
that  tht^  Heyland  motors  have  wound  rotors  and  slip-rings  in  all  sizes, 
that  is,  from  i-ioo  B.H.F, ;  and,  also  in  reply  to  a  question  of  Mr, 
Langdon-DavieSp  it  has  been  found  with  these  motors  for  40,  50,  and 
60  cycles,  that  running  up  to  speed  without  load^  the  starting  current  is 
^  of  the  full-load  current  when  wound  rotors  are  used^and  at  least  equal 
to  the  fuIMoad  current  when  the  mo^l  carefully  designed  short-circuited 
rotors  are  used.  In  reply  to  the  other  remarks  made  by  this  speaker,  I 
would  say  that  the  phase  difference  of  40-50  degrees  for  the  (hix  of  the 
starting  coils  is  caused  by  the  great  magnetic  leakage  this  tiux  has,  com- 
pared with  the  tlux  produced  by  the  running  coils.  The  large  magnetic 
ibix  of  the  starting  coib  (caused  by  the  large  current  in  this  winding  of 
few  turns)  mostly  leaks  along  a  definite  path,  and  this  leakage  produces 
the  above-mentioned  phase  difference.  At  starting  there  is  very  little 
rotary  field,  the  held  of  ihc  motor  being  more  of  the  nature  of  a  purely 
oscillating  field,  and  the  result  is  exactly  as  shown  by  the  paper  and  by 
Mr.  Field. 

In  reply  to  Mr.  \\\  G.  Hliodes  on  the  question  of  the  action  of  the 
Heyland  motor ,  and  also  lo  Professor  Cams- Wilson's  remarks  as  to  this, 
I  am  aw^are  that  the  explanation  given  in  the  paper  is,  to  a  certain 
extent,  incomplete,  but  it  had  to  be  curtailed  as  the  paper  was  getting 
unduly  long,  I  ani  stire,  however,  that  the  ideas  of  most  of  those 
present  to-night  will  be  fairly  clear  on  this  subject,  after  having  heard 
the  remarks  made  by  different  speakers.  The  action  of  all  siugle^phasy 
motors  and  their  starting  devices  can  be  looked  at  frnm  several  totally 
different  points  of  view,  and  most  ot  those  who  have  gone  at  all  deeply 
info  the  subject  get  puifeclly  clear  ideas  about  it,  which  may  bCi  and 
generally  are, \ cry  difficult  to  put  on  paper  in  a  few  vvoids* 

Mr.  Rhodes  thinks  that  the  values  for  the  Hux-densities  given  by 
me  for  induction  motors  are  somewhat  high.  I  put  it  forwards  how- 
ever—1  think  for  the  first  time-^that  in  order  to  get  large  ovejload 
capacity  with  induction  motors,  and  particularly  with  single-phase 
motorSt  the  flux-dcnsities  in  the  iron  parts,  particularly  in  the  stator 
cores  and  teeth,  shoukl  be  catried  lo  a  very  high  value  :  the  increased 
iron  losses  can  be  counterbalanced  by  allowing  for  smaller  copper 
losses,  but  J  as  a  mutter  of  fact^  the  increase  in  the  iron  loss  liy  forcing 
the  malertai  in  this  way  (and  using  less  of  it),  is  not  ver>'  much,  at  any 
rate  not  enough  to  affect  seriously  the  efficiency  at  light  loads*  In  my 
opinion  the  tw*o  most  important  points  in  the  design  of  induction 
motors  are  the  selection  ot  the  ftux-densities,  and  the  shape  of  the  stator 
and  rotor  leetht  and  it  is  more  important  lo  design  the  teeth  ^co^tii;l^ 
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Mr  Ui;m  even  tht  air-gap.     Kegardliig  the  point  now  tinder  discussion,  t^ 

have  found  by  actual  test   on  many  singk  and  polypha.se  indncti  i. 
motors  of  various  sj?es»  that  very  much  better  results  iira  obtained  v*.km 
the  flux-densitres  in  the  teeth  and  cores  are  forced  than  when  they  »e 
not,  and  you  will  notice  in  the  motors  shown  to-night  Ihiil  ibei^  » 
wonderfully  little  magnetic  iron  in   tiiein.    With   IheM:  motors,  the 
0%'erload    capaeity   is  50  to   60  per  cent,   wnth  constant    pressure  Jt 
the  viator  ternunals^  and  I  think  that  tliosc  present  who  arc  u^  lo 
single- phase  motors  of  other  types  w*ill  agree  that  this  large  ov^kad 
capacity  is  much  more  than  they  have  been  accustomed  tu.  and  that  ti 
is  good  enough.    On  the  other  hand,  you  may  think  that  it  thisqnotic«i 
of  tluK-densiity  is  really  so  very  important,  why  do  I   not   keep  it  t> 
mybclL     My  reply  to  this  is  that  the  fact  of  having  the  right  tliix-dim^ii/ 
in  the  iron  does  not  necessjunly  mean  that  the  motor  will  tic  g«>xl ;  ^ 
very  great  deal  depends  upon  the  lu^rtuigemcnl  of  I  lie  iron  parts,  up^' 
the  proportioning  of  the  teeth,  etc.,  and  reg;u"ding  these  things  erei-i 
det-igner  has  to  make  his  own  experience, 

I  am  greatly  interested  to  hear  about  Mr*  Rhodes*  recent  work  ta 
singlC'phase  motors,  and  look  for\vin"d  to  seeing  his  motor  on  the 
market  in  due  course.  If  this  motor  will  really  start  w^ith  full-liwil 
torque^  w^ith  a  current  not  exceeding  the  fuU-Soad  current,  as  indicatedt 
and  «f  Ihb  result  is  attained  without  excessive  complication  and  co*A, 
then  the  Rhodes  motor  will  certainly  be  a  very  formidable  rivil  to  the 
1  Icy  laud  motor,  as  this  latter  stands  at  present.  But  I  may  say  that 
Mr.  He^^land  is  coutinuciny  making  improvements,  and  even  better 
results  will  be  obtained  in  the  immediate  future. 

Professor  Ernest  Wilson's  curves  are  uistnictivcj  and  with  regard  w 
ttieni  I  v^'ould  remark  that  in  my  opinion  the  curves  B  and  E  hcA 
represent  good  modern  practice  in  polyphase  motor  building,  and  Ibat 
the  motors  represented  l>y  curves  D  aiid  C  ^ire  tinduly  heavy  foi  thcif 
output  and  speed.  It  is  interesting  to  note  from  the  cur\-cs  th*\l  tkir 
line  of  direct-current  motors  whose  weights  have  been  plotted  arc 
heavier  thim  the  single-phase  motors  represented  by  the  curw 
marked  A, 

I  have  already  partly  replied  to  Professar  Carus-VV^ibon,  and  wilb 
regard  lo  his  reiuiirks  on  the  power-factor  of  induction  motors  I 
thoroughly  agree.  Most  designers  of  the:>c  motors  are  eonslanily 
striving  lo  improve  the  power-factor,  especiahy  al  hghl  Imid^,  and  io 
this  connection  it  would  certainly  appear  that  Mr*  Steinmctx  lia=.  lact 
with  consideiable  success — at  any  rate  in  the  testing  room,  Whtthcr 
his  method  of  shunting  the  windings  by  a  condenser,  which,  by  ttic 
way,  is  quite  old,  will  ever  prove  of  use  commercially  is  open  to  question* 
a=*  in  my  opinion  a  commercial  way  of  builtJing  a  condenser  for  con* 
liuuous  service  has  yet  to  be  found. 

Mr.  Ksson's  criticism  regarding  the  building-up  of  uur  st  > 
has  been  aheady  met;  and  regarding  his  remarks  on  the   i 
cores,  while  admitting  that  the  difficulty  of  toohng  stampings  wtttjopt" 
stols  is  a  very  real  one,  especially  for  the  case  of  small  motors  t  ">"^^ 
say  tlifit,  in  my  opinion,  it  can  be  gut  over*     Several  Continental  Urnis 
using  this  form  ol  stotvpm^  Itwariably  tool  the  statars  ka  ;ili  iae^j 
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without  burring  the  tucth,  the  only  disadvantage  being,  as  pointed  out  *^^;^jj 
in  the  papcT,  a  conhid^rahlc  increase  in  tlic  iron  lo:ss. 

I  agree  with  Mr,  Esson's  remarks  on  the  subject  of  nsiiig  former 
wonnd  coils  for  stittors  and  rotors,  when  tliu  motors  in  question  have 
to  be  shipped  to  places  where  skiUed  winders  are  at  a  pretnium^  but  for 
ordinary  %vork  I  consider  the  employment  of  straight  slots  *ind  former 
wound  coils  a  mistake.  You  have  to  balance  ease  of  repair  and  saving 
of  labour  in  winding  against  a  large  magnctimng  current  and  diminished 
power-factor,  especially  at  light  loads,  to  say  nothing  of  inferior 
starting,  and  in  the  great  majority  of  cases  the  latter  disadvantages 
outweigh  the  advantages. 

With  reference  to  Mr,  Esson's  remarks  on  the  suliject  of  per- 
manently short-circuited  rotors,  I  can  only  repeat  what  is  stated  in  the 
paper  on  this  point,  and  what  I  liave  already  stated  in  reply  to  Mr* 
Langdon-Davies.  Al  the  same  time,  I  cannot  agree  with  Mr.  E^soti's 
slalement  that  the  use  of  woujid  rotors  lowers  the  power-factor*  atid 
that  such  rotors  require  about  four  times  as  nmcli  copper  as  squirrel- 
cage  rotor>.  The  former  is  directly  contrar)*  lo  my  experience,  while 
the  latter  statement  requires,  I  think,  considerable  qnalihcalion.  With 
large  induction  motors,  whose  rotors  are  wound  with  a  three-phase 
cylinder  winding,  the  extra  copper  required  is,  at  the  outside*  50  per  cent. 

1  aui  in  complete  disagreement  with  Mr.  Esson's  remarks  on  the 
subject  of  maker's  guarantees,  and  regarding  what  he  states  to  he  the 
latest  and  best  Continental  practice  in  induction  motor  performance. 
Although  I  ajn  perfectly  aware  that  the  guarantees  given  by  Certain 
firms  are  absolutely  worthless^  I  iini  equally  aware  that  those  given  by 
others  are  well  on  the  right  side.  The  hgures  given  in  my  paper  Lire, 
as  stated,  the  average  of  the  guaranteed  lignres  of  five  well-known 
houses,  one  Swiss^  two  tiermani  one  American,  and  one  Belgian,  and 
the  work  of  three  of  these  iirms  is  intimately  known  to  me.  Not  only 
do  1  consider  the  figures  in  the  paper  perfectly  reliable,  but  I  maintain, 
and  am  prepared  to  prove^  that  better  figures  are  obtained  every  day  in 
ordinary  work.  Regarding  the  figures  Mr.  Esson  puts  forward  for  the 
power-factor  of  50'CycJc  two-phase  motors,  as  representing  the  latest 
and  best  Continental  practice,  1  may  say  tliat  I  consider  the  figures 
quoted  zvn  being  distinctly  bad  :  1  should  certainly  reject  any  ioo-B.U,P. 
50-cycle  polyphase  motor  leaving  a  power-factor  of  80  per  cent,  at  full 
load,  I  niay^  perhaps,  be  allowed  to  say  m  this  connection  that  I  have 
recently  put  down  two  ioo-B,H*P»  two- phase  motors  in  this  country, 
which  have  a  power-factor  of  91  per  cent,  at  full  load  ;  with  the*ie 
motors  go  per  cent,  was  guaranteed,  and  tJK  per  cent,  would  have  been 
guaranteed  under  penalty.  So  it  would  appear  that  Mr.  Esson  ha:^ 
been  somewhat  unfortunate  in  hi^  selection  of  a  manufacturer. 

Regarding  Mr.  Esson's  final  remark  on  the  subject  of  condensers,  I 
can  only  say  that  I  believe  all  condensers  have  been  complete  failures 
up  to  the  present,  when  they  have  been  used  for  continuous  work.  The 
great  difficulty  is  with  the  heating*  and  consequent  rapid  deterioration 
of  the  dielectric,  while  they  are  bulky,  heavy,  and  tlierefore  ev.^^Tt^v^t. 
Oil  the  other  hand,  liquid  condensers  give  q^\le  ^00 A  ^c^^VawXA^v^^-^^^ 
inii^mitU^ntly,  audi  an  for  starting  singk-p\v*iae  taolQvSt  >avX  ^^^c;N  /^v^ 
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common  wild  other  l>iic^.  arc  immcch;iiiTcal,  and  coiiiicquenlly  ohjcc- 
tionablc*  Suth  liquid  condensers  quickJy  go  to  pieces  if  continuously 
in  circuit ;  moreover,  their  capacity  alters  in  an  t*xtiaordjfiar>*  wny  sn 
tlicy  hc^it  up. 

I  could  say  a  ^reat  deal  in  reply  to  Mr.  Addenbrookc,  but  will  ask 
Kim  to  allow  ujc  to  reply  to  his  first  remarks  only,  as  the  di?ciiS!>ioR  of 
the  relative  merit*  of  single*phase  and  poiypha^e  hardly  falls  within  the 
^copt*  of  the  present  paper.  Mr.  Addenbrooke  ask*s  me  to  split  up  the 
HO* load  current  of  an  induction  motor  into  its  componenti^,  lodicaiing 
the  relative  values  of  the  I  wo  factors.  I  may  say  that  for  most 
wclKdesigned  polyphase  motors  of  medium  and  large  siie,  the  H-atl 
component  of  the  no-load  current  is  soincwhere  about  lo  per  cent,  of 
the  watdcss  component.  l*hus,  referring  to  the  left-hand  diagram 
in  Fig.  G  (the  triangle )^  Cwf  ^^^  ^'-^ti  current  required  for  friciioii, 
ventilation,  hystercM^t  eddy  currents,  and  the  small  no*load  copper  lo^>. 
is  J  0-15  per  cenU  of  Cm,  the  wattless  magnetising  current  of  the  motor. 


The  resultant  of  Cw  and  Ch,  namely,  Co,  isi  fhe  no-load  current  of  ihc 
motor,  ajid  this  quantity  is,  as  slated  in  the  paper,  20  to  30  per  cent,  of 
I  he  fulMoad  current. 

As  Mr.  Addenbrooke  sa}^  knowing  the  magnclising  current  of  ao 
induction  motor  (^practically  the  no-load  current),  it  is  possible  to  pre- 
determine the  power-factor  for  any  load.  Fig.  C  illuslrates  an  cai^y, 
graphical  way  of  doing  this,  the  diagram  being  constructed  a* 
follows : — 

Let  I*,  represent  the  stator  leakage  factor — that  is,  it  is  the  mlio  o* 
the  total  magnetic  flux  produced  by  the  stator  amperc*turns  to  the  iha 
that  aettially  enters  the  rotor  and  cuts  the  winding  when  ih€  httta  i* 
open.  Similarly  let  7'^  be  the  rotor  leakage  thix^that  is,  the  ratio  of  ttie 
total  flux  produced  by  the  rotor  ampere-turns  to  the  tlux  actuallv 
entering  t!ie  stator,  and  cutting  its  windings  uiun  then  hit  Qn  ^fcn 

fifcuits    Then  vjvVIc  vna^we^^c  cow^Va.'&V  qC  the  motor  ^  M  ^  — — — 
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mcnt.     Their  value  lic^  between    roi  and    107  for  most  makes  of   ^^.^^^^ 
motor; 

Referring  now  to  Fig*  C  (which  is  the  elementary  diagi*am  of  the 
polyphase  induction  motor)  ^ct  off  the  line  O  E  to  represent  the  phase 
of  the  appJied  E.M.F*  per  phase  of  the  stator,  draw  the  line  0  D  at 
right  angles  to  U  and  set  off  along  O  D  the  magnetising  current  to 
sca.le,  namely,  0  C,  Now  multiply  this  value  of  O  C  by  the  above 
constant  M,  and  make  C  D  equal  to  the  value  so  found,  the  scale  being 
of  course  the  same  as  that  of  OC.  Upon  C  D  describe  the  semiciiclc 
CPD.  Then  all  such  lines  as  O  F  (that  is,  any  point  along  the  semi- 
circle joined  to  point  O)  represent  tlic  stator  current  per  phase  iJi 
magnitude  and  phase,  and  all  such  lines  as  C  P  are  proportional  to  tljc 
rotor  current.  The  corresponding  power-faclor  of  the  motor  is  given 
by  the  cosine  of  the  angle  ^. 

It  will  be  seen  that  the  maximum  value  of  the  power-factor  occurs 
when  the  line  O  P  is  a  tangent  to  the  semicircle,  as  shown.  For  smaller 
and  greater  loads  than  corresponds  to  the  value  of  stator  current  in 
question  (O  P),  the  power-factor  diminishes,  because  the  angle  p 
increases  as  the  point  P  moves  tower  down  or  higher  up  the  semi- 
circle. The  diagram  clearly  shows  the  effect  of  the  magnetising 
current  upon  the  power-factor  of  the  motor^  and  also  the  effect  of 
faulty  design  with  regard  to  ni  ague  tic  leakage. 

With  reference  to  Mr.  Thomas*s  remarks,  I  think  it  would  have 
l>cen  of  interest  had  he  told  the  meeting  exactly  what  advantages  are 
gained  by  building  induction  motors  of  large  size  with  squirrel -cage  " 
rotors.  Although  I  think  with  him  that  it  is  not  possible  to  make  hard 
and  fast  rules  with  regiird  to  these  things,  particularly  with  regard  to 
the  relative  merits  of  direct-current  and  polyphase  working,  still  I  think 
that  after  considerable  experience  with  different  conditions  it  is  quite 
rdlowable  to  form  and  put  forward  an  opinion.  For  instance,  experience 
has  conclusively  proved  that  electric  generators  of  any  size  should  bu 
direct  driven,  but  it  was  not  so  many  years  ago  that  there  was  a  very 
considerable  amount  of  discussion  on  this  point,  and  the  early  advocates 
of  direct  driving  have  now  proved  to  be  right*  Regarding  the  point 
in  question,  it  is  clear  to  me  that  squirrel-cage  rotors  arc  inferior  to 
wound  rotors  for  all  cases  except  those  mentioned  in  the  paper,  and 
I  am  confident  that  American  constructors  will  come  into  line  with 
those  of  the  Continent  before  very  long  in  this  respect.  It  certainly 
seems  to  me  that  the  apparent  simplicity  of  the  squirrel-cage  con* 
struction  (or  its  modifications)  and  the  resulting  advantages  have  been 
greatly  overrated.  There  is  an  example  of  this  at  the  Paris  Exhibition, 
where  an  Boh-h.p,  induction  motor  with  permanently  short-circuited 
rotor  is  being  installed  by  one  of  the  ^reat  Anierican  firms.  This 
motor  has  to  be  run  up  to  speed  by  a  direct-current  motor— a  state 
of  affairs  bordering  on  the  ridiculous. 

Mr.  Thomas's  figures  relating  to  the  performance  of   indtiction 
motors   confirm    those    I    have    given    in    the  paper,  which,   being 
guaranteed   figures*  of    course    are  well  on    the    safe    side,  as    Mr. 
Thomas  surmised,    I  would  like  to  draw  Mr,  ^s^iox^s  ^VV«iT\^\ot\  \ki 
the  Bgures  for  these  American   motors,  a?*  ihcy  ixvWv  cox\^t\n  '^V^v 
/  !iHiT  already  said  when  replying  to  bim. 


aVi  EHORALLi   TNDUCTION  MOTORS.  tMnyim. 

{AddetL  fiily  12,  1900.]    When  replying  to  the  dtsctission  in  the 

paper  I  untntcntfonally  omitted  to  reply  to  Mr  Fcrraiili,  and  tharfore 
take  KiiH  opportiniity  of  doing  so.  I  think  if  Mr.  Fcrranli  vcrc  to 
rcconskkr  hi?;  first  remark,  he  would  come  to  tlie  coijclusion  tlvM  il  is 
hardly  fair.  First,  the  paper  does  not  deal  exclusively  with  angle- 
phase  motors,  quite  half  being  devoted  to  polyphase  motors':  nnd 
^ecoadly»  I  distinctly  state  that  the  part  relating  to  single-phase  raoior 
work  i^  put  forward  simply  as  being  of  teehnical  interest.  Many  men. 
including  myself,  ktive  to  take  up  the  question  of  s-ingle-pliase  mritors 
and  single-phase  systems,  not  because  of  any  belief  in  their  prcscm  tvr 
future  possibilities,  hut  because  tt  is  necess;iry  to  do  so  ;  but  at  the 
same  time,  this  does  not  prevent  the  subject  from  being  technically 
interesting  both  to  them  and  to  others, 

Mr.  Ferrantfs  opinions  on  single-pha-se  working  are  well  known, 
and  they  are  of  the  greatest  value,  because  Mr,  Ferranti  has  proved 
to  be  right  on  some  of  the  most  important  points  connected  with 
alternating-current  work  many  times  before.  At  the  same  time,  he 
does  not  give  any  reasoniii  for  his  belief,  and  does  not  attempt  to 
justify  it  in  any  way.  But  even  wnth  Mr.  Ferranti' s.  powerful  cham- 
pionship of  snigle-phase  working,  it  is  very  difftcnlt  for  those  who  have 
worked  with  single  and  polyphase  systems  to  believe  there  is  any 
advantage  whatever  in  the  former.  Even  in  this  country,  many  of  the 
Lirge  single-phase  systems  are  being  converted  into  direct* current  or 
polyphase  systemsj  and  all  the  most  recent  work  of  any  magniltide 
is  being  carrietl  out  with  either  polyphase  current,  or  a  combination  of 
thi^  and  direct  current.  My  own  opinion  is  thai,  as  things  are  at  present 
continuous-current  working  is  far  prefernhle  to  any  other  for  all  larjffc 
lighting  schemes  ;  and  where  it  cannot  be  employed  directly,  it  should 
be  used,  where  possible,  in  conjunction  with  three-phase  transmis- 
sions ;  or  failing  this,  three-phase  systems  should  be  used  throughout. 
lAir  power  work  pure  and  simple,  nothing  can  heat  three-phase 
working,  while  for  both  lighting  and  power  work,  I  am  firmly  con- 
vinced that  the  double- current  generator  (in  combination  with  motor- 
generator  sub-stations)  has  a  great  future — that  is,  a  special  combination 
of  the  direct-current  and  three-phase  systems. 

The  FnKsiDEKT  announced  that  the  scrutineers  reported  the  followiug 
candidates  to  have  been  duly  elected  : — 

Associaic  Members : 

Herbert  H.  Denton,  |      Victor  Alc*isandro  Muiidell;i^ 

William  Tatlow, 

Ansodaics  : 
Janics  Hirst,  1      Bernard  Pontet, 

Thomas  Frederick  Johnstone,       I      George  \\'illiam  Somfrville. 
Joseph  Taylor. 
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The  Twenty-Eighth  Annual  General  Meeting  of  the  Institu- 
tion was  held  at  the  Society  of  Arts,  John  Street,  Adelphi, 
on    Thursday    evening,    May    24th^    1900  —  Professor 

I       SiLVAKUS  P,  Thompson,  F.R.S.,  President,  in  the  Chair. 

The  minutes  of  the  Ordinary  General  MeetiniJ  held  on 
May  lylh  were  read  and  approved. 

The   names   of    new  candichUes   for   election    into  the 
Mnstitiition  were  announced. 

The  following  transfers  were  announced  as  iiaving  been 
[approved  by  the  Council,  viz*  : — 

From     tlie    class  of    Associate    Members    to    that    of 
AknnbLTS^ — 

Vernon  Lindop. 

From    the    class    of   Associates    to    that    of   Associate 
Members — 


Jo  Lin  Shaw  Barnes. 
Arthur  Brunei  Chat  wood. 


E,  S.  Curtis, 

William  Vyvyan  Molesworth  Popham. 


From  the  class  of  Students  to  that  of  Assoc! ate*?— 

Edward  H,  W.  Paitrid^u.       |       \V.  G.  Royal-Dawson. 

Ernest  Vandcrpoel  Young. 

From  the  class  of  Members  of  the  Northern  Society  of 
Electrical  Engineers  to  that  of  Associate  Members  of  the 
institution  of  Electrical  Engineers — 


Walter  Lcalce,  |        T,  Rowe. 

R.  Tavlor. 


Messrs.  Leslie  Dixon  and  H.  M,  Savers  were  appointed 
scrutineers  of  the  ballot  for  the  election  of  new  members. 


Hfeei 


Donations  to  the   Library   were  announced  as  having 
n  received  since  the  last  meeting  from  Messrs.  Macmillan 
&    Co.^   and  to    the    Bi'ttcvoh'Hi  Ffuni    from   The   British 
Westinghouse  Electric  and  M an u fact n ring  Com^at\\%M^s^v5.* 
\V;  F.  Dennis  ik  Co.,  Messrs,  t  cUevi  &  <^v\\Wa\w\^  A^^^^"*^*^- 


%bH  MrSEUM  OF   EI^ECTRICAL  APPARATUS.  [M^riiiH' 

Creese  &  Sons,  Meissrs.  R,  Braham  &  Co.,  Mr*  F.  Tra  iffler, 
Messrs,  Dii^ard  Bros,,  Mi\  C.  Taylnr,  Messrs.  \\\  Canning 
&  Co.p  and  Messrs.  Emery  Bros.,  to  all  of  whom,  en  the 
motion  of  the  President,  a  vote  of  thanks  wa?^  unantmously 
accorded* 

The    President  :   I  am  asked  to  announce  that  the 

Council  has  approved  rules  for  the  guidance  of  local  sections. 
It  is  not  necessary  that  they  ?ihonld  be  read  now ;  tliey  will 
be  printed  in  the  Journal  in  the  usual  course.  They  mostly 
concern  our  members  who  are  not  resident  in  London,  and 
who  are  attached  to  one  or  other  of  the  local  sections. 

1  have  also  to  annoiuicc  that  (he  Council^  having 
appointed  a  Museum  Committee  sometime  ago,  has  decided 
to  send  a  circular  out  shortly  to  our  members,  and  to  other 
persons  having  connection  with  the  electrical  industry  and 
with  electrical  science,  informing  them  that  we  are  making 
—we  have,  in  fact,  be^n  making  for  some  years — an  historical 
collection  of  electrical  apparatus.  We  have  already  in  our 
possession — unfortunately,  for  want  of  room^  not  di^^played 
as  we  should  like  to  display  it — a  large  number  of  interesting 
specimens  of  early  forms  of  apparatus,  submarine  cable, 
telegraphic  apparatus,  and  appliances  of  various  kinds. 
Our  desire  is  that  that  historical  collection  shall  be  enlarged 
and  completed,  and  that  we  shall  be  able  to  secure,  before  it 
is  too  late,  specimens  which  are  known  to  exist  in  the 
possession  of  private  persons^  and  wliich  we  fear,  if  they 
were  lost  sight  of,  might  be  lost  altogether  to  future  genera- 
tions* We  are  aware  that  some  of  these  private  possessors 
of  objects  of  historic  interest  do  not  wish  to  part  with  them* 
Our  circular  will  invite  the  owners  of  such  properties  to  give 
us  information  as  to  what  they  are  and  where  they  are.  But 
there  are  no  doubt  a  number  of  persons  owning  interesting 
apparatus  of  this  kind  who  would  be  very  glad  to  Iiand  over 
Iiistoric  pieces  of  apparatus  if  tht^y  knew  that  there  was  a 
body  such  as  ours  desirous  of  giving  them  custody,  and 
takiiig  care  of  them,  and  cherishing  them,  and  making  use 
of  them  as  exhibits.  We  hope  very  shortly  to  be  able  to 
announce  to  the  Institution  the  arrangements  whicli  are  in 
progress  for  the  due  custody  and  proper  exhibition  of  the 
things  which  we  ^\re;v.d^  \\'3ive,  and  the  things  which  wc 
propose  to  oblaui  levftvet  ov\\oimt5x  'a&^\\\\'M\^w\-^^:^a^^^ 
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;or  our  museum.  Our  Museum  Committee  has  drawn  up  a 
irciikr  which  will  be  shortly  be  issued.  We  wish  to  make 
%is  announcement  to-night  in  order  that  it  may  go  into  our 
Journal  and  into  the  technical  press.  We  are  undertaking 
this  work,  we  have  got  it  seriously  in  hand,  and  we  hope 
during  the  coming  twelve  months  it  may  be  made  a  feature 
of  our  Institution, 

1  Jiave  received  a  letter  from  M,  Mascart.  He,  as  you 
are  aware,  has  been  elected  a  Vice-President  of  this  Injititu- 
tiouj  and  lie  has  addressed  to  me  the  following  letter,  in 
which  he  returns  thanks  for  election  as  Vice-President: — 

"Paris,  le  18  niai,  1900, 
'*  Monsieur  le  President  et  cher  collcgue, 

■'M.  te  Secretaire  de  rinstttution  of  Electrical  Engineers 
vient  de  ni'informer  que  laSociete  a  bien  voulu  approuver  la 
proposition  du  Conseil  et  contirnier  ma  nomination  comme 
Vice-President*  Je  suis  tr6s  flatte  de  cette  distinction 
exceplionelle  et  je  vous  prie  de  vouloirbien  transmettrc  mes 
plus  vifs  reniercimentsau  Conseil  deTInstitution*  Je  ne  me 
fais  pas  Tillusion  de  penser  que  mes  nitrites  electriques  ont 
sufR  pour  justifier  une  telle  nomination  ;  je  la  considere 
plutot  comme  un  tt^moignage  d'amitic,  ou  vous  avez  cu  la 
phis  grande  part,  et  j'y  suis  d'autant  plus  sensible  a  ce  titre, 

*'  Recevez,  mon  clicr  colleguc,  Tassurancc  de  mes  senti- 
ments bien  dcvoues. 

**  (Signed)  E.  Mascart, 
"  M,  Silvanus  Thompson/* 


The  Secretary  read  the  Annual  Report  of  the  Council 

as  follows : — 

RKPORT  OF  THE  COUNXIL   TO    THE    ANNUAL  GENERAL 
MEETING.  MAY   24Tn.    1900. 

iNCOUrDRATlON   OF  THE   NORTHKltH  Sociimf  OF  KuZCTmCAL 
K  ExaiXEEKS  WITH   THE    IXSTITUTIOX. 

It  h  with  great  satijifaction  that  the  Council  reports  Uiat,  in  the 
t:irly  part  of  Uie  period  tmcier  review » the  Institution  was  approached 
by  the  Northern  Hociety  of  Electrical  Engineers  with  a  ^-iew  to  the 
incorporation  of  that  Society  in  the  Institution,  and  I  hat  as  the  result  of 
the  ensuing  conferences  and  negotiations  the  incorporation  has  since 
been  effuclcd  in  accordance  with  No.  67  of  Ihe  Articles  of  Assoeiation, 
The  Council  has  agreed  to  remit  the  Eutrancc4ti^s  c^l  mc^vcv^N'itv^^  ^^  ^\<i 
orthern  Societ)^  now  admiUtul  to  nicmbctshiip  ol   fe^  \\^iXlvV^iV:\Q^\^  "^^ 


^o 


Rfipoarr  or  m  comcn.  :)Lit  j 


^OftadcnsCKia  m  U^  miilcitalliag  of  tile  SoCKty  to   crsn^tcr  id  ike 

m  JtoMMfet  are  dfensL  It  b  uwMeaily  hspeil  thut  the  omoo  via 
pro«it  In  be  €#  ^rcflt  tkcucit  to  iht  mcfliliers  of  ach  <«  die  aocktsn. 

The  CisiBMsil  h^  also  tte  piewv  irf  nepdrmtig  t£»L  tacniiigr^  and 
oclicri  rojdent  in  ieveral  oenlrei  o^  tf^c.-  KI«.t:trical  Induct r^  .n  iK^ 
Caifd  KtoglOBi  have  applied*  «ii<kr  nmKenM 

tNc  fKW  Articles^  of  A^ftcictiitioou  lorliic:  i^i;H4aiija  ctf  E.iOc«u  .^it-li  >•>»'*  w« 
the  i»iti|Bt»oi»  in  tbeir  rv^^ccttve  ^kitnets  »id  Hot  m  constoi^atmx  cl 
tbesie  petHiOBi^  aeisve  Lo^  Sectioe»  are  mom  m  opetMwotk  la  Duhlia. 
Gba^am,  iSbt  jfmehc^r  D^f^rkf,  ainf  Xewsiide.  the  Maaclie^ler 
Sectiofi  kmag  C^keii  the  r  -^thcm  Society  of  Etecifkal 

Enffacm%mm  tucorpo^^  itoo.     A  Loc^  Scctioahj^ 

abo  been  scaled  m  Caf^e  Ttntm  Getierai  rsles  and  regnlaikHis  for  tJie 
numgefneitt  ol  LocaJ  Socttocks  at  bonie  and  ahrond  hi^c  be<n  drswn 
Qp,  ami  the  ar^maa^tioti  of  tf>e  Sectiom  has  ^lir^eadr  3:>$ttmed  a  dermic 
form.  The  Cooncd  oongratyfatcs  tlic  f Qstkotiaa  on  tbc  tnttio]  succcw 
of  m  fncpfeoieot  wftidt  pracni^c^  not  cmly  to  nuilu!  tfic  ItiAtituikm  mott 
dkectijr  ^adiil  to  its  pnmncat  and  lore^  ninnbcr^  l>ii|  ;d^  to 
strei^lieii  the  Institotioa  itself  lij  reiidencig  it  mmrc  truly  rcpnr!icot2- 
tin:  of  the  prof essioa  of  Electrical  EogMieeriiig  ms  a  whoir,  and  ol  tlie 
IntL-rests  of  tbc  eHlisfi  Electncal  Itsd n^^  at  lai^. 

ELCCIIOMS  AXD  TRAXSFEieSL 

The  CooncO  hzA  the  pleasorie  to  report  that  during  the  twclwrtnocilli 
ending  May  24th^  1900,  acting  m  accordance  with  Aiticlc  17  of  the 
Articles  of  A^isociiition*  it  has  electtfd  Mr.  Jo^-ph  Wilson  Swan,  F.RS, 
the  last  Ppist-Prcriideofc  of  the  Insttlittian,  an  Honorary  Mcttiher* 

KotwitIi5t3.nding  the  increased  severity  of  the  mks  reiati»^  to 
llic  qualificatioo^  for  memberi^hip,  and  the  slrictnc-i*  with  which  tbo9e 
rules  arc  enforced,  the  total  of  the  additions  to  the  regbter  tty  dcctknt 
at  Ordinaiy  Gentrral  Meeting*  during  the  same  period  has  been  40 1- 
This  number  is  much  above  the  avcragei  and  is  madir  up  as  follow^  : — 
25  Members,  M^  Associate  Members  3  Foreign  McniherN  ^S^i  Associatrs 
and  133  Students  Adding  to  these  the  Honorary  Members  and  the 
new  Mcinbers  transferred  from  the  Northern  Society  of  Elec^kal 
Engineers  at  the  time  of  incorporation,  the  total  h  471^  c 
1  Honorar%^  Member,  53  MLmbcr>.  113  As:!^ociate  Memi 
Associates,  133  Stwdt-nts,  and  3  Foreign  Members,  Xinctceu  C4f nit- 
dates  have  also  been  approved  for  ballot  to -nigh  I.* 

Six  Associate  Member*,  1  Foreign  Member,  ?n id  u  Associates  have 
been  transferred  to  the  class  of  Member:*,  whilst  85  Associate^  have 
been  transferred  to  the  class  of  Assiiociate  Members^  and  33  Students  1^ 
that  of  Associates, 

'  A^  the*c  CiinditJatca  wefe  alt  duly  elected,  the  nuinbefn  reprf^enttn* 

addrlion^  to  the  register  since  ttic  Aimaal  GvTieml  Meeting  in    t> 

al    the  cnii  of   the  metUn^^  as.  inllows  *.   lionoT^Tv  Member^  I  ; 

57;  Assoctat^  Members,  wtj ',  hj^^i)^\iXK^^  \*;^  \  "^aVwAt^^As^  1^5:  anu    runv:^! 

Meinlicr^,  3* 
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Deaths  a^^d  Resignations. 

ThL'  Institution  has  to  mourn  the  loss  by  death  of  i  Pasi-Prmdi^ni, 
Professor  David  E.  Hughes;  9 A/t-m^rrs,  \fark  Bevan,  T.  Buckney,  ].D. 
Doyle*  P.  B,  El  well,  L.  Epstein.  Frank  King.  Joseph  B.  Morgan, 
lien  jam  in  Smith,  and  Frederic  Wylcs  ;  and  8  A^soiinka,  ].  CUapniiin, 
IL  J.  CUpperton,  H.  T,  Constable,  M.  Cooper,  \\\  B.  Edgar,  J,  J.  Tough, 
W.  C.  Smytlie,  and  L.  G.Willmott. 

3  Members,  2  Associate  Member*;,  1  Foreij^n  Member  ^  23  Associates, 
and  5  Students  have  re.signed  since  the  dale  of  the  last  report. 

Papers, 

In  addition  lo  the  inaugural  address  of  the  President,  the  following 
papers  have  been  read  and  their  publication  in  the  Journal  ordered  1 — 

Ai  Oniitiarv  General  Mcditif^a. 

Due 

r^A*.                                       Title.  Atrr«ois. 

N'nv,  2^,^'-  Tlie  Qmt  of  Steam  Raisiit^  " . .  joux  HotJ.It>AV. 

„              ^"TuthlLllCc-    of    an.\1p    Fill.]    nn    flic    Dt?;t    nf  R      E.     CUOMPTOS',     V'A^i- 

Eltctrical  EiH'fj^y  "        . .     , ♦ ,  Presitkril. 

tlLi:.  14.— ^^Hl metrical  Time*  Service" R  HOPE-JoxES, 

J  goo. 
Jan,     ti» — '^Rcptirt  nf    Swiss   Visit   0>mmitlec?    on  the 
Vi^it  of  the  Insititulion  tn  SwiUerland." 

35.—"  An  ElectrDl>iic  Centrifugal  Process  for  the  S.    COWPER-COLBS,  Mem- 

Pn>duclifiti  nf  Copper  Tubes  **    ^ ,     . ,     . .  hef . 

FeK    a.—*'  The  SlaRdardisation  of  Electrical  Engineer-  R.  Percy   Selt.ON,   Mein- 

ing  Pliant"      .,      ,,     , ,     ,,  Iwr* 

M^tr  X,—**  On  the  Applications  of  Electricity  in  Medical  H.    Lewis    JoS'^S,    M.D,, 

and  Sii finical  Practke  "        . . A5Si>tiate^ 

*♦    2J.^"Storaj*e  Battery  Prol>l cms**    ..     .,     *»     **  E,  |.  WADE,  AHsnci ate, 

April  5.—**  The  Ettctrical  Equipment  of  Ships  *.y(  War  '*  C.  E.  Grove,  Mcmbirr, 

j  Prof.    G.   FoftiiES,   F.R.S., 

,«    afiv — "The  Electrical  Tranflmijision  of  Power"     ..  -  Member 

M:iy   3,—"  The  Calculation  uf  Diatribulinij;  Syslums  of  H,    M.   SaYehs,   As^'V^ifttc 

Electric  Tmction  under  British  CondltJons  "  Mtmher. 

{  S-     EvEHSHElK    Associate 

f    la — *^  A  Friction U'-Hs  Motor  Meter  ". .     ..     ,*     , . 'j  Member 

„    17.— *' Alteruatitiji-Ciirrcnl  litdiictkm  Motdr«"      ..     A.  C,  Emokaul,  Ajsfsodate. 

At  M^elings  of  Local  Seciiom, 
Date.       Sechon.  Ttn^K*  ArrtTojj. 

r9oo. 
FcU,  t6. — Gtaisgott'.        "Tbt  Problem  of  Arc  L^l'trng 

frnin  :;50-Volt  flupplv"        ..     W,  B.  SAYERSt  H ember. 
,,    31.— Dublin.  "iiiaiijiiirai   Address    t>f    Chair-     Prof.    G.    F,    FniOEIULO. 

man  "       * ,     . .     . .     t  ♦     ♦  *  Member* 

Mar. 23. — Giasjjrtw.        •'  ^irtbod  of  Chargitjg  for  Public 

Supply  of  Electricity"        ..      VV.  W.  Lackie,  Member. 
Apr,  a7^^GU^^^ow.        **  Sonic  Considerutions  cancerti- 

In^  Electric  Driving"  ..     ,.      HA  Mayor,  Member. 
Mav  ts. — Newca.ttle.     **  In.'iugunit    Addres!i    of   Clmir- 

man"      ..     .- A.  W.  HEAViSiriE*  Member. 

At  an  Extra-ardiisary  Meeting  in  Zilmh. 
S^pt^  Cj, — '♦The  rJiliJiation  of  tlie  Scb^fkbauseTi  WalcT 

Poll  er  " , K.  MV^\^^.^,  VNcv.^*^ 
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The  attendance  at  the  Ordinary  General  Meetinj^s  has  been  weil 
maintained.  By  the  kind  hospitality  of  the  two  societies,  the  meetin^> 
from  November  to  April  have  been  held,  as  in  previous  \'ears,  in  the 
rooms  of  the  Institution  of  Civil  Engineers,  and  two  of  those  in  May  in 
the  Rooms  of  the  Society  of  Arts.  The  Institution  is  now,  further,  in- 
debted to  the  Institution  of  Mechanical  Engineers  for  the  privilege  of 
using  their  new  premises  for  two  extra  meetings  in  May. 

The  Publications  of  the  Institution. 

With  reference  to  the  Journal,  the  only  change  of  note  to  be  recorded 
is  the  alteration  in  the  date  of  the  commencement  of  the  volume 
which  now  runs  concurrently  with  the  Session.  The  first  number  of 
the  current  volume,  therefore,  contained  the  proceedings  of  the  meet- 
ings in  November  and  December,  1899,  instead  of  those  in  January. 
i()oo,  as  would  have  been  the  case  under  the  old  system. 

Recognising  the  great  value  of  Science  Abstracts  to  the  Electrical 
Engineer  in  placing  before  him  an  epitome  of  most  of  what  is  valuable 
in  the  current  literature  of  his  subject  throughout  the  world,  the 
Council  has  agreed  with  the  Physical  Society  for  the  continuance  of 
the  publication  under  the  joint  control  of  the  two  societies  for  a  further 
period  of  at  least  three  years,  or  of  so  much  longer  as  may  be  found 
mutually  agreeable.  The  scope  of  the  Abstracts  has  now  been  enlarged, 
sections  relating  to  Steam  Plant,  Oil-  and  Gas-Engines,  Motor  Cars,  and 
Medical  Electricity  having  been  added,  so  that  the  work  now  appeals 
to  a  larger  circle  of  readers  than  it  has  done  previously,  and  the  grow- 
ing appreciation  in  which  it  is  held  is  indicated  by  a  considerable 
increase  in  the  proceeds  from  sales  to  non-members  of  the  two  societies. 
The  number  of  Abstracts  published  was  increased  from  1,423  in  1898 
to  2,000  in  1899. 

The  publication  of  the  following  papers  in  the  Journal  as  Original 
Communications  has  been  ordered  : — 

In  Part  142. —'*  How  Condenser  and  Chokin^-Coil  Cur- 
rents Vary  with  the  Shape  of  the  Wave 
of  the  Applied  E.M.F.".-.      A.  RCSSELL.  Mcmlvr. 

In  Part  144.— "A  Two-Phase  Rotary  Converter  and  a 
Note  on  the  Rcj^ulation  of  Rotary  Con- 
verters " E.  WiLSOX,  Member. 

,    „  ^u     *     ^       T    .     .•        •      ^     X-  (C     C     Hawkin-s.     M.A.. 

In  Part  144. — "The  Air-Gap  Induction   m   Continuous- J      .,      . 

,,  .  j[  .,  i      Member. 

Current  Dvnanios  '        „  «r.r..,^w.«    *         •  . 

R.  WiGHTMAX,  Associate. 

In  Part  146.— "  Note  on  Air-(iap  and  Interpolar  Indue-  fp.      \V.      CARTER.      M.A., 
tion  " "j      Associate. 

In  Part  146  —"The  Reluctance  of  the  Teeth  in  a  Slotted 

Armature  "       W.  B.  HiRD.  R.A.,  Meinlxr. 

In  Part  T46. — "On  the    Absolute    Values    of    Capacity 

Measurements  "       J   ELTON*  Youxo,  Member 

AxN'UAL  Premiums. 
The  Council  has  awarded  the  following  premiums  for  papers  and 
communications  accepted  during  the  current  year.     No  paper  on  a 
telegrnnhic  or  telephonic  subject  having  been  read,  the  Fahie  Premium 


1900.J  REPORT  OF   THE   COUNCIL.  863 

is  not  awarded.  Only  those  that  were  in  type  on  the  loth  of  May 
were  considered  eligible,  papers  accepted  for  publication  after  that 
date  being  reserved  for  consideration  in  awarding  the  premiums 
in  1901  : — 

The  Institution  Premium,  value  £2$, 

to  Mr.  C.  E.  Grove,  Member,  for  his  paper  on  "The  Electrical 
Equipment  of  Ships  of  War." 

The  "Paris  Electrical  Exhibition  Premium,"  value  ;£io, 

to  Mr.  S.  Evershed,  Associate  Member,  for  his  paper  on  "A  Friction- 
less  Motor  Meter." 

Two  Extra  Premiums,  value  ;£io  each, 

respectively  to  Professor  George  Forbes,  F.R.S.,  Member,  for  his 
paper  "On  Distant  Electric  Power  Transmission,"  and  to  Mr.  H. 
M.  Sayers,  Associate  Member,  for  his  paper  on  "  The  Calculation  of 
Distributing  Systems  of  Electric  Traction,  under  British 
Conditions." 

A  Premium,  value  £Sf 

to  Mr.  A.  Russell,  Member,  for  an  "Original  Communication"  entitled 
"How  Condenser  and  Choking-Coil  Currents  Vary  with  the 
Shape  of  the  Wave  of  the  Applied  E.M.F." 

A  Premium,  value  £s, 

to  Messrs.  C.  C.  Hawkins,  Member,  and  R.  Wightman,  Associate,  for 
an  "Original  Communication  "  entitled  "The  Air-Gap  Induction  in 
Continuous-Current  Dynamos." 

The  First  "Students'  Premium,"  value  ;gio, 

to  Mr.  R.  P.  Howgrave-Graham,  Student,  for  his  paper  on  "  Hertz 
Waves  and  Wireless  Telegraphy." 


The  Second  "Students'  Premium,"  value  £5, 

to   Mr.  C.  B.  Nixon,  Student,  for  his  paper  on  "  Switch  Gear  for 
THE  Generation  of  the  Electric  Current." 


The  Third  "Students'  Premium,"  value  £s, 

to  Mr.   H.  J.   Humphreys,  Student,  for  his  paper  on  "Permanent 
Magnets." 

Salomons  Scholarship. 
The  Council  has  awarded  a  Salomons  Scholarship,  value  ;g50,  to 
Mr.  R.  P.  Howgrave-Graham,  of  the  Technical  College,  Finsbury. 


mi 
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Stuoexts*  Clxss. 

Twirh'c  itiocting*  of  the  Students*  Section  have  been  held  dating  I 
(he  Sc^^ioin  at  ten  of  which  papers  were  read  by  Studcnls,  the  rciuijo- 
iiig  two  h.ivjng  been  devoted  to  dt^uss^ions  qu  electrical  subject*, 

ViJ^ib  tu  the  following  placcti  were  arranged  for   the  Stufk-nt>  by  i 
your  Secretary  daring  the  year,  and  the  Council  desires  to  exj^es^ito 
thanks  to  th&se  who,  hy  opening  their  works  for  the  piirpo??e^  of  ibcac  ] 
vi^^itN  have  contribnled  miicli  lo  the  u^efulnc?^  of  the  section  ; 

The   lliinki^ide   Station  of   the  City  of    London    Electric    Lighting  ] 

Cum  puny. 
The   D;ivie:»   Street  Stition   of    llie   Wealminitet     Electnc    Sapfly 

Corporation, 
'i'tie  London  United  7*r5imways. 
The  \V,tterlo«>  and  City  Railw^av. 

The  Works  of  Mes*»ri,  Eiislon,  Andeti»on,  and  Gooldcfi. 
.(  t,         the  Eleclrrc  Welding  Company* 

„  ..        the  Incandescent  Eieclric  Lionp  Company. 

,,  Iridia,-Rubhtr,  Gutta-Percha  and  Telegraph  Worltft^ 

„  I  Ml-  Langdon-Davies  Electric  Motor  Comp.iny. 

,1  ,.        McisNsrs,  Sietncns  Bros,  and  Company, 

The  Annua]  Dinner  was  held  on  the  6th  of  December  in  Ibe  GraT»d 
Hall  of  11  le  Hotel  Cecil,  ttn-  uttendance  being  pnictically  the  same  Jts 
in  the  previous  year. 

Am N UAL  COKVERSAZIOXE. 

*rhe  use  of  the  Museum  of  Natural  History  was  again  ini>>i 
generously  granted  by  the  Trustee h  of  the  British  Museimi  for  the 
Con%'eriazione  on  June  15th,  and  tJie  number  of  guests  present  \*ij.'ii 
two  hundred  above  the  number  of  tliost-  who  attended  in  ihtjS, 


Annual  Accounts  and  Financjal  PosirtoN. 

The  surplus  of  income  over  expenditure  at  the  end  ot    tfkfq,  a^ 

shown  in  the  Annual  Statement  of  Accounts,  demonstrates  that,  nol* 
witlistarjdiug  the  contribution  in  respect  of  Sacncc  Af^^tnuh  ,-itKi  th<: 
increased  expenditure  on  prcmiuuiSj  the  financial  po:^ition  of  %h^ 
Institution  is  thoroughly  sound.  It  should*  however,  be  stated  that  a 
soniewlial  larger  proportion  than  usual  of  tlie  income  for  the  ye;ai 
resulted  from  tlie  payment  of  arrears  of  subscription,  owing  to  the  fat  I 
that  a  phenomenally  large  number  of  members  w;is  elected  ul  th^:  end 
of  iKt^H,  'j,nd  that  many  of  these  new  memtjers  did  not  pay  tl>eir 
entrance  fees  and  subscriptionb  until  Januaiy,  i8«^. 

The  sum  of  ^£800  is*  ad.  Was  invested  on  accoLmt  of  Life  Con»pt lo- 
tions, leavijjg  uii  December  31st  u  balance  of  ^44  i^*  4d.,  which  ha^ 
since  been  invested* 

The  esUmaled  Ti^ii^bVt^  3isi\ci>it)l  ^  ^u\i^JSjES?^VvQw*  ^^f^^i^ftxtdiii^  on 
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the  31st  of  December,  1899,  was  ^^450,  and  none  of  thisi  b  taken  into 
aceoiint  in  the  BaiancL-  Sheet  now  presented.  Mor^  than  ^£200  of  this 
^^450  has  sihicc  been  received* 

The  Telegraph  Jubilee  Fund  and  the  Premiuni  Finid  have  this 
year,  for  purposes  of  the  Annual  Sutement  of  Accounts^  been  merged 
in  the  General  Fund.  In  the  books,  however,  tiote  is  kept  of  Ihcst: 
ijeveral  amounts. 

Building  Fund. 

The  importance  of  erecting  a  permanent  home  for  the  Instilulion 
h  recognised  by  the  Conncilj  and  the)'  have,  accordingly,  taken  sleps^  to 
augment  the  Building  Fund.  They  have  transferred  from  the  General 
Fund  the  sum  of  £t,^jj  10s.  t^d.,  and  they  Iiave  Jilso  invited  nK-mbers 
to  make  special  conlribntions  to  the  Fund.  In  response  to  this  appeal 
£131  IIS.  6d.  was  paid  during  the  two  months  of  iHgcj  which  remained 
after  the  date  of  issue  of  the  circular.  These  sums,  with  the  interest  on 
capital  previously  invested  on  this  account  and  Other  payments,  have 
rallied  the  amount  standing  to  the  credit  of  the  F'und  on  December  3  ist» 
1S91;*  to  i:"7ja44  5s,  ifd.,  as  against  1^5,277  os.  6d.  at  I  be  end  of  1898. 


Wilde  Benevolent  Fuxd, 

During  the  Session  Mr.  Henrj^  Wilde,  F.RS.,  an  Honorary  Member 
of  the  Institution*  generously  offered  to  the  Council  the  sum  of  £^1,500 
for  the  purpose  of  founding  a  Wilde  Benevolent  Fitnd,  to  be  adnnnis- 
tered  in  accordance  with  the  following  extract  from  the  Declaration  of 
Trust  :— 

"  The  annual  income  of  the  trust  fund  bhall,  subject  as  hereinafter 
provided,  be  applied  in  such  manner  as  the  said  President  and  Council 
or  Committee  of  Management  shall  from  time  to  time  think  ht  for  the 
benefit  of  members  (exclusive  of  honorary  members,  associate  members, 
foreign  members,  associates  or  students)  for  the  time  being  of  the  In- 
stitutioiin  hut  principally  though  not  exclusively  for  those  w^ho  by  their 
discoveries,  invet^lions^  or  writings  shall  have  advanced  the  profession 
of  electrical  engineering,  and  for  the  bctieht  af  the  families  of  any  such 
members,  and  of  any  stieh  kite  members  being  deceased*  and  for  the 
beiicht  of  any  persons  who  may  have  been  such  mcmt>ers  and  paid 
their  subscriptions  for  hvc  years  consecutively  at  leas!,  and  of  the 
families  of  such  persons^ — subject,  however,  in  all  cases  to  the  following 
regulations  i — 

"(a)  The  income  may  in  any  year  be  applied  wholly  for  the  benetit 
of  one  person  or  class  of  persons,  or  may  be  applied  equally 
or  uneiiUidly  for  the  benefit  of  two  or  more  persons  or  classes 
of  persons, 

*'  (b)   Tile  total  amount  applied  for  the  benefit  of  any  one  member 
or  lale  member  or  his  family  during  one  ax  raoK^  ^^jieas.^  *^m^ 
not  e.\ceed  one  year's  income  ol  t\ic  Uvjt^l  lutv.'Su 


BCB  kEPORT  OK  THE  COOCCIL*  [MdyilUi, 

**  (r)  Tbere  ^htXX  he  oo  obltgalton  tn  nsiy  yisu  to  sppl y  the  wboJc  or 
amy  pdrt  ol  the  incofne  oi  ibat  ye^  for  itir  benefit  ol  any 
person  or  pcrsocuL    Aiiy  incom  If  and  vi 

far  as  pemsittiEd  bylaw*  be  rr  ;  c  lo  Ik 

jdcM  10  and  applkd  as  pan  oi  Ih^  Ui^^KUi:  u^  ^iiy  ^uh^qucnt 

year  or  y«v^  or  iniqrbc  tnTesicd  atiii  aiddcd  to  the  t^piiiil  i)f 

This  tni^  m*as  gratefully  accepted  by  the  Coaiicil,  smd  tin;  said  »tiHi 
of  jf  1*500  hi^  tMxn  riscetvcd  and  tnvt-^ted,  ;dtf)oygh,  as  it  ^^a^  not  rtuuk 
oirer  ttntil  the  year  1900^  tt  doc*  mrt  appear  in  the  ^ccompcuiyiug  sljitc- 
mcol  of  accounts.  It  ba^  tietna  dcodcd  that  for  the  prcs^cot,  the  fond 
i^koM  be  admioi^cfni  by  the  Q»itaciL 


Da\id  Hughes  Sciknjisshii'* 

The  CoknciJ  Itas  the  furtbt.T  gralt^catlon  of  reporting  that  the 
eacecutor^  of  Ihiiir  revered  P;iit- President,  the  late  Profi;ssor  Diivid  E, 
Hngbc^,  F.K.S.,  tiave  announced  Ihc  bcqu^^s-l  l>j  hm  to  the  Institution 
of  the  sum  of  £2,oc3o,  wnth  the  object  of  rptinditig  ii  IXivic!  |-lu|*ht?^ 
Scbolar^hip,  to  be  awarded  under  conditions  tjiniikir  lo  tho!>e  under 
which  the  Salomons  Schotar^tiip  Fund  is  adniini^tere^i. 

Annouoccment  of  the  d;itc  of  the  tir^  award  VkiJl  be  mad€  when  the 
said  amount  t>liail  have  been  received  by  the  InstilulioiL 


Loc%L  HosoKARr  Secretakiss, 

The  rettirn  of  Mr*  A.  P*  Trotter  to  Kugl;ind  left  a  %*ac8yicy  uj  the 
Local  Monurary  StcrctJir^ship  for  the  C«*pe  and  South  Afriai*  ami 
looking  to  tht  large  (lumber  of  members  in  Ihc  Tran^svaat,  and  to  the 
di^ancc  of  these  members  from  the  previous  local  hcodqiurter^  4\ 
Cajie^  Town,  the  Council  decided  to  divide  the  Secretariiit  into  t^Mi 
sections  lailldy^  the  Cipe,  Natal  ajKl  tihode^ia.  for  which  district  Mr, 
John  Dvnham*  M.LK,E,,  has  lieen  ap^xjinled  Local  Honorary  Secretary, 
and  the  Tr:insi:aait  to  w*hieh  district  Mr*  J,  Hubert  Davies*^  MJ,E,R*» 
wa*>  appointed. 

Two  new  Secretariats  have  bi.xn  fonned*  vi/.,  I  Lily  and  SwefJen,  to 
which  CciL  P.  FL*^etto  (Foreign  Meuit*er)  iuid  Mn  John  Henrik 
H;uinn:ir  ^i'^oretgn  .Member)  have  been  rci^pectively  appointed  as  lAJcal 
Honorary  Secretaries^ 

The  Council  hits  now*  by  %ray  of  experimentp  entered  udu  an 
anangement  for  a  year  with  the  Societe  Internalionale  des  Ekctricicns 
under  which  the  Treasurer  of  each  Society  undertakes  the  cottcctiou 
of  the  subi^riptions  of  members  of  the  other  Society  redden t  in  Iii^ 
couolry. 

The  Council  desires  io  record  il^  cordial  thanks  to  Mr.  Trotter  for 
Uh  s^'nice^  as  LocaX  Honoxxr^  ^icsLtieiVMx  ^il  the  Cape,  and  especially 
/or  his  share  in  lUe  org^aan'^^aJui'^iv  ol  ^e  Ci-^^c'twaKiXjiacsiaL^^xxS^      the 
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Institution,   which  was  being  carried  on  informally  and  unofficially 
prior  to  hin  rdurn  to  this  country. 


Vtsit  or  THE  Institution  to  Switzerland, 

In  previous  year*?  the  Institution  has  three  times  held  meetings 
away  from  London,  namely  at  the  Paris  Electrical  Exhibition<i  of  1881 
and  18%,  and  at  the  Edinburgh  Electricni  Exhibition  of  i8go,  but 
otherwise  no  organised  visits  have  been  paid  to  foreif^n  or  provincial 
centres.  During  the  twelvemonth  now  closing,  it  was  decided  to 
arrange  a  visit  to  some  of  Iho  principal  electrical  works  and  instailations 
in  Switzerland,  With  the  cordial  co-operation  of  Swiss  engineers 
represented  by  a  reception  committee  consisting  of  Col.  Hnber,  Mr* 
C  K.  L.  Brow^n,  and  Professor  W-  Wyssliniir^  a  programme  was  firrat^gcd 
;md  the  visit  took  place  on  the  ist  to  the  loth  'of  September.  i3(> 
members^  and  20  hidies  accompanying  them,  took  part  in  the  reunion, 
and  thanks  to  the  efforts  of  the  Reception  Committee  in  Switzerland, 
and  of  the  Organising  Committee  at  home,  and  to  the  untiring  labours 
of  our  Secretary,  Mr.  McMillan,  the  Council  is  able  to  congratulate  the 
Institution  on  the  success  of  the  visit. 

The  Council  has  arranged  for  a  Joint- Meeting  of  this  Institution 
with  the  American  Institute  of  Electrical  Engineers  m  Paris  on  August 
lOth  of  this  year,  immediately  before  the  opening  of  the  International 
Electrical  Congress  ;  and  has  also  accepted  an  invitation  to  visit  Berlin 
in  1901. 


Common  Seal  and  Diplomas* 

During  the  period  under  review  tbe  engraving  of  a  Common  Seal 
was  completed.  The  various  investments,  with  the  exception  of  those 
in  respect  of  the  Salomons  Scholarship  Fund,  have  now  been  trans- 
ferred from  the  Trustees  to  the  Institution,  and  are  registered  under 
seal.  By  adopting  this  course,  the  Trustees  w*ill  be  put  to  less  incon* 
venience,  and  the  Institution  will  suflFer  no  expense,  at  such  times  as 
a  change  of  trustees  would  otherwise  have  necessitated  the  transfer  of 
the  stocks  from  the  previous  trustees,  or  the  survivors  of  them,  to  those 
newly  appointed. 

The  Council,  being  also  in  a  position  to  issue  the  diplomas  for 
which  provision  had  been  made  in  the  new*  Articles  of  Association,  has 
notified  Members  and  Associate  Members  that  they  are  entitled  to 
apply  for  diplomas.  As  a  result,  a  large  number  of  these  cer titicatcs 
has  now  been  issued.  To  meet  a  certain  demand  for  diplomas  on 
vellum  instead  of  on  paper,  the  Council  decided  that  any  member 
could  demand  such  a  diploma  on  payment  of  one  guinea^  tbe  surplus 
of  receipts  over  .expenditure  on  account  of  vellum  diplomas  being 
regarded  as  a  subscription  to  the  Building  Fund*  F^ifty-eij^lit  oC  iVvt^r^. 
vellum  diplomas  were  issued  up  to  the  end  o^  \^i<^>  ^t\^\  \\\t  -awfe^xV^* 
tions  thus  accruing  to  the  Building  Fuud  amouTvled  \.o  £fl^  ^^*  1^- 


THE  umumr 


the 
frooi  tlie  lonnatiofi  of  m  htOtvica!  cnBectioii  €d 
and  the  taammag  tfiftciiltv  bi  nuldfig  »di  s 
of  cafUcr  worfc,  tbc  Coundl  ha^  appoinied  m 
latting  octrte  9Cef»»  la  oNxbi 
afiforat^^  not  now  in  cxtmmsrtnal 
witlt  ebctncd  soenc^  and  iti^  applicatkwii^ 


The  LituuKT. 

1  lnT«  to  reporl  floi  the  acccvciom  to  the  UbfMy  ifcviat^  IW  jw 
nttmhcfcsd  57 ;  id  \ht*^  nearly  all  were  kindlj  ptrscnled  h^  tte  aothon 

or  pctbii^bcr^. 

The  pre^cnlaHoo  of  specificatknts  and  abridgai^iit!>  of  sprndhca/aaok 
relating  to  Bkctrkitjr  atui  Bli^ncti«»fti  hss  been  cotiiifUKai  h^  Hie  land* 
nes^  ol  H.M.  Commlsstofiers  of  Patents. 

A  few  additiOR^  ha?e  been  m^idc  to  the  peri<jdical&  awl  printed 
proceedings  of  other  Societies  reci^nvrd  regularly  in  the  Librarr*  A 
li«t  i^  appended. 

The  number  of  vbitur:*  lo  the  Library  dtiring  the  vcar  ha*  heee 
555,  of  whom  5a  were  nan- members. 


APPEXDIX  TO  SECRETARY'S  REPORT, 

TRAXSACTIOXS,  PROCEEDINGS,  &c»  RECEIVED  BV  THK 
IXSTITrXlOX. 


ENOLtSH. 

Asiatic  SiKietv  of  Bengal^  Journkt  nttd  ProcectKn^, 

Camhritl|»c  Phil<rti>phical  S*jciety. 

Etij^incedng  Ai«3'H:Mltun  o|  Sew  South  Wales* 

Grecn^'Jcb  Ma;;netict)  ;iiid  Meteorolofiical  Obs^err^liuii" 

In^tilule  nf  Patent  Agenb,  Tntn.'^actions. 

Institution  of  Civil  Engineers^  Froeeedhigs* 

JnHiituiiun  of  Mi:?cha(iical  ETi|jinct;rs,  PnKccdings* 

Irriii  and  Sttrel  Instilntc,  Hnjcecdings. 

King's  College  Calendar. 

Lfvcrpoot  Engineer  I  njj  Sod  el  y,  Procecdingi. 

MunidpAl  Electrical  As»(Xi;itir»n,  Proceedm|*ii- 

Xorlhcrn  Si*tict>'  of  Ek*ctric;il  Engineer*,  Proceedtn^js* 

Ph\*5ic;it  Siiciety,  Proceeding-** 

koyai  Dubtin  Sociciy»  Trrinsactions  and  Pniceedtngs* 

Rny.d  En^incera'  ln*<tTtitte,  Printed higs. 

Riipl  InililutkAn,  Pnxecdings. 
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Royal  Meteorological  Society,  Proceedings. 

Royal  Society,  Proceedings. 

Royal  United  Service  Institution,  Proceedings. 

Society  of  Arts,  Journal. 

Society  of  Chemical  Industry,  Journal. 

Society  of  Engineers,  Proceedings. 

South  African  Society  of  Electrical  Engineers,  Proceedings. 

University  College  Calendar. 

AMERICAN   AND   CANADIAN. 

American  Academy  of  Science  and  Arts,  Proceedings. 

American  Institute  of  Electrical  Engineers,  Transactions. 

American  Philosophical  Society,  Proceedings. 

Canadian  Society  of  Civil  Engineers,  Transactions. 

Engineers'  Club  of  Philadelphia,  Proceedings. 

Franklin  Institute,  Journal. 

John  Hopkins  University,  Circulars. 

Library  Bulletin  of  Cornell  University. 

Nova  Scotia  Institute  of  Science,  Proceedings. 

Ordnance  Department  of  the  United  States,  Notes. 

Technology  Quarterly. 

Western  Society  of  Engineers,  Journal. 

BELGIAN. 

Association  des   Ingenieurs    Electriciens    sortis    de    Tlnstitut    Electro- 
Technique  Montefiore,  Bulletin. 
Socicte  Beige  d'Electriciens,  Bulletin. 

DANISH. 

Den  Tekniske  Forenings  Tidsskrift. 

FRENCH. 

Academic  des  Sciences,  Comptes  Rendus  Hebdr)madaires  des  Seances. 
Societe  Fran<;aise  de  Physique,  Seances. 
Societe  des  Ingenieurs  Civils,  Memoires. 
Societe  Internationale  des  Electriciens,  Bulletin. 
Societe  Scientifique  Industrielle  de  Marseille,  Bulletin. 

GERMAN. 

Verein  zur  Beforderung  des  Gewerbfleisses,  Verhandlungen. 

ITALIAN. 

Associazione  Elettrotecnica  Italiana,  Atti. 

RUSSIA. 

Section  Moscovitc  de  la  Societe  Imperiale  Technique  Russe. 


iTiA'-'r 


^    %^-      cT 


>.  ■-■:     •  .  .--r.t:'.--  .' 

FRE9CCH. 

"_    •  «    ..  "■.  ^;    -    :-.  ""■*  l*t 
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Elcctrotcchnischcr  Aiucigcr. 
Electrotcchnischc  Zcitschrift. 
Zcitschrift  fiir  Elektrocheinic. 
Zeitschrift  fur  Instrumentcnkunclc. 


EllcttriciUi. 

Giornalc  del  Genio  Civile. 

II  Xuovu  Ccmciito. 

La  Iiigcniciia. 


ITALIAN. 


SPANISH. 


Dr. 


Clie  Jnstitiitiin  wf 

STATEMENT    OF    RECEIPTS    AND 

ENDING   3ist 

KECEIPTS. 


To  Annual  Sub>cripti<»n> 
„    Entrance  Fees 
„  Acivertisenients  in  the  Journal 

..   Publibhing  Fund      

,,   Di\iclcnds  on  Investments,  \'U.- 
Lite  Compositions 
General  Fund 

.,    Interest  on  Cash  <>n  deposit 


4^33^  4  o 

743  O  0 

60  O  O 

I  I  o 


A »36  13  II 

ii8  14    3 


10    4  10 


5.4  U    4    f- 


(Bltttvitai  €tt0tecr«. 

EXPENDITURE    FOR    THE    YEAR 
DECEMBER,  i8gg. 

EXPENDITURE. 


(Cr. 


£   s.  d. 

By  Salaries  7</)  13    o 

„   Retiring  Allowance 300    o    o 

„   Accountants'  Fees 10  10    o 

„   Shorthand  Reporter  57  15    o 

„   Attendance,  Refreshments,  Advance  -  proof s  of 
Papers,    and    Petty    Expenses    connecte<l 

with  Evening  Meetings      146  19    4 

„   Printing,   Illustrating,  and   Advertising  Journal   ^^835    4    4 
Less  a)st  of  copies  taken    into  Stock         ...        87  10    o 


747  14 

4 

27-\  13 

4 

10  11 

0 

}2i)     8 

0 

„  General    Printing    and    Stationery    (including 
cost  of  engraving  Diploma  Plate  and  of 

printing  600  Forms,  jf 41  I2s.  od.) 

.,  Insurance      

.,   Office  Rent,  Electric  Light,  and  Firing 

„   General  Office  Expenses,  viz.  : — 

Sundries 82     5    3 

Postage   of   Journals,    Notices   of    Meetings, 

&c 3«;i   n     1 

Cost  of   Illuminated  Address  to  the  Queen  7  17    6 

Cost  of  preparing  Common  Seal     36    4    o 

Cost  of  Removal  of  Stock  of  Journals  from 

London  to  Woking 15    5     I 

Cost  of  Cardboard  Cases  for  Diplomas  and 

of  Engrossing  Names         14  18  10 

548     I     9 

„   Petty  Ex|>cnses  of  Local  Honorary  Secretaries        270 

„   Bank  Charges,  vi/  :— 

Sundries  4     i   10 

Cast  of  Stamps  and  Commission  on  placing 

Securities  under  Seal        2107 

25    2    5 

,,   Conversazione    Expenses    (irrespective    of    Printing    and 

Postage)  245  19    « 

„   Premiums  (1898-9) 11 1     11 

„   Expenses  relating  to  Institution's  Visit  U*  Switzerland       ...        30  17    9 
„   Contribution  to  "  Science  Abstracts "     660    o    o 


4t,V)0  14  5 
„   Balance  carried  to  General  Fund,  being  c.xce>s  of  Receipt^ 

over  Expenditure      ...                     M13  if  i 

i:>4i4  4  '> 


Or. 


LIFE   COMPOSI- 


T"j  Amount  .a*  pi:r  last  Account* 
..   Lite  Comp^isiti'^ns  since  received 


4412    10     0 

671   10    0 


;f5,o»4    o    o 


^ji-^^^^g^^^ 


T«>  Amount  (as  per  last  Account  1 


'•SALOMONS  SCHOLARSHIP 

£     s.   d. 
2,126  19    j; 


£;2,i20  ii>    3 


TIONS  ACCOUNT. 

«r. 


£   s-  'I- 

By  Investments  (as  per  last  Account)— 

;f400    o    o  New  South  Wales  4  %  Bonds     ...   £41415    o 
318    o    o  Cape  of    Good   Hope  4  %  Con- 
solidated Stock 306    o    o 

i»679  19    5  Indian  3J  %  Stock 1,776    5    o 

120    o    o  South-Eastern  Rail  way  5  %  Deben- 
ture Stock  204  16    6 

355    5  10  Canada  3  %  Stock 352  13    6 

289  17    4  Midland    Railway  2j  %  Consoli- 
dated Preference  Stock  ...      274  11  10 
600    East    India  Railway  Class  "C" 

Annuity 185    I    9 

87    o    o  Great  Eastern   Railway  4%  Pre- 
ference Stock     130  15    2 

70    o    o  Great  Indian   Peninsula   Railway 

5  %  Guaranteed  Stock 120     1    6 

143    o    o  Southwark   and   Vauxhall   Water 

Co.  4  %  Debenture  Stock      ...      207  17    9 
260    o    o  Staines  Reservoirs  3  %  Guaranteed 

Debenture  Stock  266  11     6 


£4,239    9    6 
Investments  Purchased  since  last  Account — 
260    o    o  Staines  Reservoirs  3  %  Guaranteed 

Debenture  Stock  272  10    9 

200    o    o  Glasgow  and  South- Western  Rail- 
way 4  %  Preference  Stock  (1894)       276    5    o 

175    o    o  Great  Eastern  Railway  4%  Deben- 
ture Stock  251     5    5 


Balance  uninvested  at  this  date  carried  to  Balance 

Sheet         44    9    4 


£5,039  10    8 

44    9    4 
£5,084    o    o 


FUND"   CAPITAL  ACCOUNT. 


£     s.  d. 


By  Investments,  viz. — 

£1,500  New  South  Wales  3  J  %  Stock  ..£1,556    5    9 

500  Cape  of  Good  Hope  3i  %  Stock      ...      570  13    6 

2,126  19    3 

£2,126  19    3 


"SALOMOXS  SCHOLARSHIP 


Or. 


Tj  Balance  (as  pta*  List  .\ccnun:) 
.,  Dividcinda  received  to  dite 


14 

...         6i> 

4 
17 

cL 

A>^ 

2 

I 

BUILDING    FL'XD 


T«»  Amount  '.a^  per  la-l  Acc«.runt) — 

..  Investments  

..  Dividends  uninvested         

..  Dividends  received  to  diite  

..  Subscriptions  received  to  d.ite      

..  Surplus  from  Vellum  Diploma  account  to  date 
..  Am-'unt  tnm>lerred  from  General  Fund 


I 

18 

2 

5 

>-'77    0 
140  i^ 
131   " 

0 

0 
6 

... 

... 

::: 

... 

4^^    5 
I  437  JO 

2 

^"7,044    5  11 


FUND"    INCOME   ACCOUNT. 


it. 


£    s-  d- 


By  Award    for  189c;,   to   Mr.   H.  J.  Thomson,   of  the   Central 

Technical  College     50  o  o 

„  Balance  carried  forward  to  Balance  Sheet        34  2  i 

£84  2  I 


ACCOUNT. 


By  Investments  (as  per  last  Account) — 
^450    o    o  Canada  4  %  Reduced  Stock 

52413    o  Canada  3  %  Stock 

181    o    o  Great  Western  Railway  4J  %  Deben- 
ture Stock    

418    o    o  South-Eastern  Riiil way  3j%  Prefer- 
ence Stock  

370    o    o  London  and  South -Western  Railway 
Prefen'ed  Ordinary  Stock 

520    o    o  London  "and  South- Western  Railway 
4%  Consolidated  Preference  Stock 

H)o  16    8  India  3i%  Stock        

387    o    o  Great  Eastern  l^iilway  Consolidated 
4  %  Preference  Stock      

529  12    ©Midland  Railway  2  J  %  Consolidated 
Perpetual  Stock      

350    o    o  Great  Indian  Peninsula  Railway  5  % 

Guaranteed  Stock 

80    o    o  London  and  South-Western  Rail>vay 

3  J  %  Pi't'fcrence  Stock      

„  Investments  (purchased  since  last  Account) — 
504    o    o  Staines  Reservoir  3  %  Guaranteed 

Debenture  Stock 

670    o    o  Glasgow  and  South  Western  Railway 

4  %  Preference  Stock  (1894)      ••• 
75    o    o  Great  Eastern  Railway  4  %  Deben- 
ture Stock 

15    o    o  South-Eastern  Railway  3%  Prefer- 
ence Stock  {1899) 


Balance,  being  amounl  uninvested  at  this  date, 
carried  to  Balance  Sheet     


£     s.  d. 


£504  0 

0 

553  10 

I 

324  17 

8 

555  i« 

9 

510  12 

0 

821  12 

0 

229  9 

6 

575  17 

8 

500  0 

0 

600  2 

6 

99  18 

3 

18 

;f 5,275 

5 

528  5 

0 

925  II 

9 

107  13  7 

15  0 

0 

10 

£ly570 

4 

i'6.852 

8 

9 

... 

...   191 

i/ 

2 

i;7,044 

5 

11 

BALANCE    SHEET, 


JElr. 


LIABILITIES. 


£ 

s. 

d. 

To  Life  Compositions — Balance  uninvested 

... 

44 

9 

4 

„  Subscriptions  received  in  advance- 

On  Account  of  i(>oo     

^54 

17 

6 

1901     

2 

II 

0 

• 

1902     

I 

I 

0 

1903     

0 

1 

0 

5^' 

10 

0 

„  SalouK^ns  Scholarship  Fund — Balance  of  Income 

Account    

... 

... 

;>4 

2 

I 

„  Building'  Fund— Balance  uninvested      

... 

... 

191 

17 

2 

„  Sundry  Creditors     

... 

... 

37') 

10 

0 

Suspense  (Subscriptions)  Account,  Amounts  for- 
warded in  advance  for  transfer 

fees,  <fec 

General  Fund—  Balance  as  per  last  Account 

Add  Premium  Fund  transferred 

Telei]:raph  Jubilee  Fund^transferred 
Estimated  Value  of  Books  presented 
Excess  i){  Receipts  over  Expenditure 


Less  .Amount  tran>lcrrcd  to  Buildint*  Fund 


.X'4.6i8  17 

t 

213     0 

3 

163     8 

0 

43     0 

0 

.    1,113  10 

I 

0,151   15 

(> 

.    1437  10 

9 

7  10    0 


4.714    4 


WALTER  G.   McMILLAX. 


£5,4.30  18  10 

We  have  examined  the  Boi>ks,  Vouchers,  and  Bankers'  Certificates  as  to| 
the  Securities  of  the  Institution,  and  certify  that  the  al>ove  Statements  of 
Account  and  Balance  Sheet  are  correct,  and  exhibit  the  true  financial  con- 
dition of  the  Institution.  .1 
W.VGSTAFF,  BLUNDELL,  BIGGS  &  CO., 
Cliiirtcrcd  AciOUfilniti>, 
Miiy  1st,  n/x)                                                 3S,  Parliamknt  Strkkt,  S.W 


3ist    DECEMBER,    i8gg. 

Cr. 
ASSETS. 


£     s.   d. 
By  Investments,  "  General  Fund  "— 

^1,418     8    o  Midland  Railway  2j%  Consolidated 

Perpetual  Preference  Stock        ;f  1,200    o    o 
320    o    o  South  -  Kastern    Railway  Preferred 

Ordinary  Stock 511     I     o 

918    3     2  India  3j%  Slock      073  17  10 

160    o    o  Great  India  Peninsula  Railway  5% 

(Guaranteed  Stock  274     8     9 

2,959    7    7 

„  Furniture  Account  (as  per  last  Balance  Sheet)      22^^     3    () 
A  (III  Additi»)nal  Book  Cases  in  Lihraiy  aiid 

Oftice  Stool  3  10    o 

,,    Press  and  Stand  for  Common  Seal      ...         12  10    o 

239    3     6 


Stock  in  hand  of  Institution  Journals,  Ronald's 
Catilogues,  &c.— 

As  per  last  Balance  Sheet        354    9  11 

Cost  of  Additions  in  1891)        87  10    o 


441  19  II 
Less  Amount  realised  durinj*  the  year        ...       132    6    8 


309  13    3 

„   Slock  in  hand  of  "  Cooke's  Manuscripts "         18    5    2 

,.  Books,  Pictures,  &c.,  other   than  the   Ronald's 
Library   (as    per    last    Balance 

Sheet)       1,267  10  10 

Adii  Value  of   Books  and  Periodicals  since 

purchased,  and  Cost  of  Binding        26    8    9 
Do.  Presented      43    o    o 


1,336  19    7 

„   Stock  of  Vellum  Diplomas  932 

„   Sundry    Debtors    for    Advertisements    in    the 

Journal,  &c 36    9    9 

„   National  Telephone  Co.  Deposit 0100 

„   Cash  Balances  at  Bankers* — General  Account ...    £^(^)  17    2 

Swiss  Visit  Account        '7    5    7 
Petty  Cash  Account        34    4    I 

521     6  ID 

;f5,430  18  10 


E.  S•ARCK^^^^^^''^'•«''•>•^"''''^'^• 


Oat  bis 

bf  flbeCoiKica;  1  wfll 

to  ne  ID  helfae 

happened  ifagmg  thr 

ts  toe  jgrovtb 


XJOptlOO  01 


tDcnrnearankks 


We  hne 

Dofafiii.  Gi«qgciirp  Mao- 
vitlialoGal  mgMiiMtioo 
1  acesd  bardy  tdl  too  tlialp  in  my  lie^  at  anr  fate« 
tlBtsbf  £m^  AeBOfitssipofiaaldttqg  Ifaat  baskappeiiefi  for 
a  0Kid  mMT  yon^    We  iKipe  to  ser  a  icw  more  sodi  kxal 


I  added  as  time  goes  oo;  todecd  it  b  perhaps  ne- 
ktotdljoofkal  llicfeafeacthre  nqeotiatiow 
OQ  foot  ior  amollicr  kic^  cdiHe  in  En^buid  vhicb  prohabfv' 
mxf  be  orpnised  in  the  present  jcar,  Iboogf)  not  oC  ooor^ 
dnrii^  the  present  sesaoo*  The  Cotincil  and  fbc  incmhcfs 
of  die  Instftstioo  ntzr  ooi^nitalate  one  another  most 
bartdj  thai  th^e  local  sectiocis  ham  been  iiofmcd^  that 
tb^  hanrn  got  to  «ocl;»  that  Ihcj  se  already  sending  in 
pqidS  to  be  printed  in  ma^  Jooraal,  and  thai  the  local 
ifHerest  winch  is  being  arotised  tn  the  voric  of  the  Institution 
is  already  brtc^mg  in  incnibCT&  and  consolidating  oin^  efforts 
to  a  most  Ratify mg  way. 

The  other  matter  tl^  I  want  to  aUode  to  ts  the  growth 
of  our  Boilcfog  and  Benei^alent  Funds.  It  b  no  small 
notter,  I  tfaini^  tfaal  the  Imttttition  b^  been  able  dunng 
the  cttrrefit  session  to  add  nearly  j^  1.800  to  the  Building 
Fond,  partly  by  its  ^anogB  dnring  the  previoitt  session  and 
during  part  of  the  cnrrent  se^ocXt  and  partly  by  special 
snbscriptions  collected  for  the  purpose.  You  will  haw 
noticed  in  the  reading  of  the  report  1k^~  *^  .'UaJ  sum  at  our 
dt^osal  as  a  Bnilchng  Fund  has  growi.  he  date  of  our 

b^  annual  report, froin  i'5,277  os,  6d*  to  j^'7,044  5s*  i  id*  Now 
there  t&  a  consaderahle  difference  bctwceii  those  two  sums,  for 
it  represents  an  increase  in  that  nucleus  of  a  Building  Fund 
quite  sotetantjal   enough   now   to  justify  the  Council^  in 
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Stepping  forward  to  that  first  and  most  necessary  prelim- 
inary^ viz. J  the  acquisition  of  a  site.    You  know  that  our 

Council  has  been  durinjj  the  past  session  actively  on  the 
look-out  for  a  suitable  site.  A  suitable  freehold  site  of  such 
a  size  as  we  shall  require  will  certainly  cobt  us  more  than 
^^7,000,  but  £7^000  is  quite  enough  to  secure  that  site,  and 
unce  we  have  our  site  secured  we  can  very  easily,  and  I 
have  no  doubt  successfully,  appeal  to  the  membership 
generally  for  the  necessary  funds  to  complete  tlie  purchase 
and  to  go  on  with  the  beginning  of  our  building.  There 
are  ways  and  means,  when  we  have  a  nucleus,  of  at  any 
rate  adding  to  that  nucleus  pro  iem.,  and  raising  money  on 
mortgage,  and  therefore  the  fact  that  we  have  a  nucleus  of 
^7,000  has  brought  us,  during  the  present  year,  literally 
within  sight  of  the  possibility  of  creating  for  ourselves  that 
permanent  home  which  1  hope  it  is  the  desire  of  every  one 
to  see  in  the  possession  of  the  Institution.  The  Benevolent 
Fund  appeals,  of  course,  to  a  different  sentiment,  the  senti- 
ment of  desiring  to  provide  against  any  misfortune  occurring 
to  our  members,  and  it  has  largely  grown,  and  grown  in 
two  directions.  Our  old  Benevolent  Fund,  which  is  admin- 
istered not  directly  by  the  Council,  but  by  a  Committee  on 
which  our  Council  is  officially  and  largely  represented,  has 
grown,  particularly  during  the  last  month  or  two,  thanks  to 
the  activity  in  particular  of  one  member  of  the  Committee, 
though  not  only  of  him,  w*ho  has  busied  himself  in  this 
niost  laudable  effort  to  increase  the  subscriptions  to  the 
Benevolent  Fund.  We  have,  in  addition,  the  Benevolent 
Fund  which  bears  the  name  of  our  Honorary  Member, 
Mr.  Henry  Wilde,  and  we  are  grateful  for  that  magnificent 
conlributiou  which  he  has  made  to  our  resources  in  the 
founding  of  the  Wilde  Benevolent  Fund, 

These  are  very  distinct  points  of  progress  on  which  we 
may  congratulate  ourselves  and  the  membership  at  large* 
1  have  done  my  duty  in  drawing  your  attention  to  them,  and 
1  beg  to  move  "That  the  Report  of  the  Council,  as  just 
read,  be  received  and  adopted,  and  that  it  be  printed  in  the 
Journal  of  the  Proceedings  of  the  Institution." 

Mr.  J.  E.  Kingsbury  :  As  a  member  of  the  Institution,  I 
feel  it  is  quite  unnecessary  for  me  to  add  any  remarks  to  I  hose 
of  the  President,  except  to  congratulate  the  Council  on  the 
facts  which  have  been  disclosed.  1  beg  to  second  the 
uiuMon. 
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The    PRiiSlDEKT :    The    Report   is   now    open    un    iv- 
cussioiu 

Mr.  H,  Fe\*tum  FHiLLtPS  :   I  have  great  pleasure?  in  supporting  tfe* 

adoption  of  the  Report.  I  am  particulariy  giad  to  st?c  the  Counci!  t\ 
iigmn  ^oing  forward  with  the  luickus  of  a  Btiilditij*  Fund,  Of  coot***: 
wc  arc  a  powerful^  a  large  and  influential  body,  but  at  the  ?amc 
time  wc  can  only  hold  our  meetin^^  by  I  he  coarlcisy  principaJly 
of  the  In^ilitution  of  Civil  Engineers  and  the  Society  of  Art!?;,  and  om 
two  occasions  this  >cssion  to  the  In^titutiojj  of  Mechanical  Eiiginecr*, 
1  am  sure  that  all  our  members  will  feci  with  me  that  when  at  I  is  said 
and  done,  we  to  a  certain  extent  have  the  feelinfj  ttiat  there  is  no  pt»cr 
like  home,  1  think  the  i^ooncr  wc  can  gel  a  honie  of  our  own  the 
grealer  it  will  tie  not  only  to  our  credit  but  to  om-  convtfuieace.  I  was 
also  very  pleased  to  see  that  there  i^  some  suggestion  of  forming  a 
Museitm,  I  think  that  wilt  Itc  a  very  interesting  thiti^,  not  pcrh^ips  jo^ 
at  present,  but  in  years  to  come, 

Mn  W*  McGrkgor  :  !  should  like  to  congratulate  our  lustitution  oo 
the  local  centres,  the  creation  of  which  is  a  very  importajit  atcp.  tlut 
must  prove  of  great  use  to  people  who  are  unable  to  come  to  LomJoft. 
1  am  here  to-night  after  twenty- five  years  of  membership*  !  have  not  had 
an  opportunity  once  of  attending  any  of  the  meetings  in  London  owin^ 
to  absence  in  India,  and  I  was  determined  I  would  come  lo-night  to 
support  the  formation  of  local  centres.  I  think  you  will  liml  they  will 
be  a  very  great  success  indeed-  1  have  tried  to  mo%'e  in  the  niattcf  a( 
Bournemouth  in  my  own  small  way.  I  congratulate  the  tnstitutionuu 
having  made  such  a  good  start,  and  1  hope  we  shall  have  a  lai^ 
increase  of  these  local  centres. 

Mr.  J.  W,  Swan  :  I  am  very  glad  to  have  been  present  to-night  to 
hear  the  reading  of  the  Report,  the  best  Report  ever  Issued  on  the 
occasion  of  any  of  the  Annual  Meetings  of  the  Institution,  shomng 
progresjS  in  every  department^  in  the  membership,  in  the  revctnw?,  in 
the  institution  of  local  centres  and  in  the  number  and  quality  of  papers. 
In  every  respect  there  is  very  strong  evidence  of  g-HXl  pro|^ress.  I 
congratulate  the  Council  and  members  and  the  IVesident  on  such  a 
successful  year,  I  was  taken  by  surprise  when  I  foutjd  my  own  name 
occurring  in  the  Report.  I  knew  that  the  Council  had  done  me  the 
honour  to  elect  me  as  an  Honorary  Mendicr,  but  it  never  occurred  to 
me  that  this  would  be  mentioned.  1  cannot  quite  pass  over  the  x-ery 
kind  way  in  which  the  announcement  was  received  without  ackuovi* 
Jedging  the  pleasure  I  have  in  this  mark  of  your  appreciation*  If 
there  is  a  drawback  at  all,  perhaps  it  is  in  the  reminder  it  conveys  of 
the  fact  that  one  is  growing  old.  And  yet  I  trust  that  1  am  not  loo  old 
to  be  permitted  the  hope  of  being  able  yet  to  do  some  useful  work 
low^ards  the  further  advancement  of  electrical  engineer ing« 

I  wish  to  give  expression  to  the  pleasure  I  liavc  felt  in  bearing  soch 
an  admirable  report  read^  and  1  hope  it  is  the  forerunner  of  many  other 
reports  having  the  same  characteristic  of  continual  progress. 

The  resolution  for  the  adoption  of  the  Report  wa>  then  pat,  and 
was  carried  rttrnt,  cm. 


1900.]      ADOPTION  OF  ACCOUNTS  AND  BALANCE-SHEET.  fi83 

iMic  PkKS[i>JiNT  :  I  beg  to  move  that  the  Statemunt  of  Accounts 
and  Balance  Sheet,  of  which  copies  were  sent  to  the  members 
with  the  notice  convening  th*?  annual  general  mectin|^»  be  taken  as 
read. 

The  motion  was  then  put  and  agreed  to. 

The  Prrsidhn'T  :  I  beg  to  move  ''That  the  Statement  of  Accounts 
and  Balance  Sheet  for  the  year  ending  December  31st,  1899,  as 
present ed>  be  received  and  adopted." 

Mr,  Hirst:  I  have  much  pleasure  in  seconding  this  resolution. 

Mr.  J,  S*  Raworth  :  I  should  like  to  say  a  word  or  two  on  the 
Balance-sheet,  not  from  the  point  of  view  of  criticism,  but  rather  as 
respecting  the  few  words  which  have  dropped  into  my  ears  from  the 
various  members  of  the  Institution  who  seem  to  think  that  I  take  a 
patLfnal  interest  in  the  Balance-sheet. 

In  tlie  first  place  I  tiave  to  report  that  everybody  that  I  have  spoken 
to  is  full  of  admiration  for  the  Finance  Committee  and  for  the  Secretary 
and  Treasurer  for  the  manner  in  which  they  have  presented  this  Balance- 
sheet.  It  is,  I  think,  the  handsomest  and  most  lucid  Balance-sheet  that 
we  have  ever  had  in  our  hands,  and  it  has  this  advantage,  that  you  have 
not  to  pore  over  it  for  hours  or  even  minutes.  I  think  Jjvc  minutes  is 
sufficient  to  i^ct  a  clear  understanding  of  the  position  of  the  Institution, 
One  of  the  most  charming  features  of  the  Balance-sheet  is  that  we  see 
that  the  Building  Fund  is  of  its  own  accord  growing  at  the  rate  of  £i$o 
a  year.  That,  added  to  what  we  get  from  the  vanity  of  the  members 
for  the  vellum  certificates  wilh  I  ha%'e  no  doubt,  gradually  provide  us 
with  a  home. 

There  are  one  or  two  points  wMaich  have  been  brought  to  my  notice 
which  I  think  might  be  mentioned  for  the  benefit  of  the  members. 
Perhaps  soinehody  may  be  able  to  give  information  on  those  points  on 
which  I  cannot  supply  it.  First  of  all,  the  postage  of  Journals  and 
notices  of  meetings  amount  to  £391  iis.  id.,  and  some  people  think 
that  a  \€Ty  large  sum  of  money  for  us  to  pay  over  to  the  Postmaster- 
General,  I  can  assure  members  w^ho  have  any  feeling  of  that  kind  that 
the  snbject  has  already  taken  a  considerable  amount  of  the  time  of  the 
Committees  concerned,  and  they  have  come  to  the  conclusion  that 
however  desirable  it  may  be  to  reduce  our  expense  in  that  direction^ 
it  is  so  far  incapable  of  reduction.  The  Secretary  himself  I  know  has 
gone  to  very  great  personal  effort  in  trying  to  devise  cheaper  methods 
of  distributing  the  printed  matter  of  the  Institution,  It  is  because 
the  volumes  are  growing  fatter  and  heavier  every  year  that  this 
item  of  expense  in  distributing  them  naturally  increases.  Another 
point  is  the  cost  of  preparing  the  Common  Seal,  ^36  4s.  At  first 
sight  it  looks  a  rather  excessive  amount  for  preparing  the  Common  Seal ; 
but  this  is  not  a  common  Seal — it  is  only  a  Common  Seal  in  :iiame — 
and  if  you  had  any  idea  how  much  time  and  talent  the  Council  has 
brought  to  bear  on  its  preparation!  I  am  sure  you  would  sympathise 
with  them  and  condone  the  expense.  We  ha%'e  tried  every  conceivable 
idea,  and  finally  we  selded  upon  having  a  likeness  of  Faraday,  It  took 
us  a  great  deal  of  trouble  to  get  a  good  Ukeness*  but  I  think  the 
ln*^titution  generally  is  satisfied  with  the  result, 
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The  resolution  for  tlie  ;idoption  of  the  Accoutits  wsm  thcst  ptxt«  i^^ 
was  carried  nem,  ioth 

Prof€i>sor  J.    pEKra* :  We  have  all  heard    atiout    a   new    tiiiiliIrM 
which  for  so  long  has  been  a  sort  of   pious  wish,    but  which  is  n  > 
coming  well  into  view%     Wc  have  heard  of  meetings  mi   P^rjs  and 
Edinburgh  and  in  SwiUerland*  and  we  ha\ri:  had  me<:tin|^s  here  ^ind  i 
the   Institution   of   Mechanical    Engineers,  but    I    think   you  nitt4  a 
agree  with  me  that  there  is  one  building  to  wliich  wc  real  I  v  do  fed  a 
attachment,  the  attachment  which  is  associated  U'ith  the  houses  wic  h  ^■■ 
known  in  our  jouth,  and  that  is  the  building  of  the   tnstitytion  of  l 
Engineers.     It  is  a  ver\*  beautiful  building,  and  they  Iiavc  j^ivcn  u^ 
easy  use  of  it  for  a  great   length   of  time.     The    Instituiion   of  t 
Engineers  might  he  almost  called  the  parent  bird   of  this  Society. 
don't  think  it  can   be  regarded  as  the  bird  that  laid  the  egg,  but 
suppose  to  some  extent  it  may  l>e  looked  upon  as  having  hatcQ^^  itaiK 
possibly  it  is  sometimes  a  little  astonished  at  the  experiments  that  wi 
occasionally  make.     The  fact  is  we  are  a  duck,  and  ^  hen  has  hatchet 
us.     I  think  we  must  all  feel  that  the  Institution  of  Civil  EngintxT 
has  been   exceedingly  civil  to  us  from  the  very  beginning.     I  thtrr^ 
fore  beg  to  propose,  "That  the  members  of  this   Institution  hercbv 
express  their  sincere  and  hearty  thanks  to  the  President^  Council,  ind 
Members  of  the  Institution  of  Civil  Engineers  for  their  kindness*  ind 
liberality  in  perjnitting  the  meetings  of  this  Institution  to  be  heid  in 
their  Lecture-hall.'* 

Mr.  McCiRKGOR  :  I  have  very  great  pleasure  in  secondtiig  tliift 
resolution-  We  must  all  feel  we  have  been  in  a  home,  what  is  caiW 
among  boarding-house- keepers  a  "home  from  home/*  It  has  been  > 
home  to  us  hitherto,  and  1  believe  we  feel  that  we  are  tuider  a  vm 
great  obligation  to  the  Institution  of  Civil  Engineers  for  allowing  ustlic 
use  of  tho5ve  rooms  in  our  early  days,  and  up  to  the  present  lime. 

A  member  is  very  warm  on   the  subject  of  our  future  home,  Utt 
until  we  get  that  future  home  I  am  sure  we  cannot  do   better  thifl 
behave  ourselves  as  good  cnildren  in  the  home  that  we  possess  at  : 
present   moment.     Therefore  I  have  great  pleasure  in  seconding  e 
resolution. 

The  resolution  was  carried  unanimously. 

Mr.  J,  GaveV  r  Pending  the  acquisition  of  that  home  of  which  we 
have  heard  such  cheerful  accounts  to-night,  we  are  indebted  not  unlv  ' 
the  parent  Society  for  its  hospitality,  but  to  certain  other  Societies  w. 
have   been  good  enough  to  lend  us  their  houses  from  time  to  iitt 
There  is  perhaps  one  advantage  attendant  on  this  period  of  winders 
in  the  desert — ^thcre  are  always  compensations  in  all   Wnlks  nf   life,— 
namely  that  we  may  hope  that  when  we  do  acquire  our  own  home  wc 
may  have  gathered  certain  hints  from  those  we  have  made  U!»e  of  iroBi 
time  to  time  as  to  the  be^it  sort  of  home  to  provide.     We  may  pcriupf 
scarcely  hope  to  be  surround^sd  with  stich  artistic  emhetlishnicnts  as  wt 
have  here,  bat  let  us  hope  we  may  combine  a  httle  Art,  a  great  deal  of 
Science,  :md  a  good  deal  of  the  solid  comfort  which  will  aid  u^  in  tJir 
consideration  of  the  abstruse  subjects  which  como  before  us  from  time 
to  time.     U  is  not  ^\^tcs:s*T^  Vo  d^s^W^V  Ww^b.Qa  this  fwint,  but  I  miU 
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simply  propose  "That  the  members  of  this  Institution  hereby  express 
their  hearty  thanks  to  the  President,  Council,  and  Members  of  the 
Institution  of  Mechanical  Engineers,  and  to  those  of  the  Society  of 
Arts,  for  their  kindness  in  allowing  meetings  of  this  Institution  in  May 
to  be  held  in  their  respective  rooms." 

Mr,  H.  W.  WiLKlxj^oN'  I  I  have  very  great  pleasure  in  seconding 
that  resolution. 

The  PHKsn>EST  2  In  putting  this  motion  to  you,  I  wish  to  take  my 
privilege  of  saying  a  word.  Possibly  many  of  you  do  not  know  to  what 
a  large  extent  this  actual  room  is  historical  in  the  development  of 
electricity.  It  was  in  this  actual  room  in  the  year  1825  that  William 
Sturgeon  showed  the  first  soft-iron  electro-inagnet :  it  was  in  this  room 
in  1S45  that  a  lecture  was  given  by  Mr.  Francis  Whishaw  on  the  subject 
of  gutta*percha*  That  lecture  was  listened  to  by  the  young  William 
Siemens,  who  forthwith  sent  a  specimen  to  his  lirother,  Dr.  Werner 
Siemens,  in  the  expectation  that  he  would  find  in  it  the  material 
for  which  he  was  then  seeking  for  the  inoculation  of  submarine  cables. 
I  repeat,  this  room  is  historical,  and  I  think  that  is  all  the  more  reason 
we  should  give  more  cordial  thanks  to  the  Societ>^  of  Arts. 

The  resolution  was  then  put,  and  carried  unanimously, 

Mr.  J.  W.  Swan  :  I  wish  to  move  ^*That  the  thanks  of  the  Institution 
be  given  to  the  Local  Honorary  Secretaries  and  Treasurers  lor  their 
services  during  the  past  year.**  I  am  sure  you  all  feel,  as  I  do^  that 
they  are  fvtJly  entitled  to  our  best  thanks  r  they  do  us  an  immense 
&er%^ce. 

Mr.  R.  S.  Erskixk:  I  liave  much  pleasure  in  seconding  that,  I 
understand  from  the  Report  that  one  of  the  people  we  have  to  thank  is 
Mr.  Trotter.  I  understand  he  was  Local  Honorary  Secretary  at  the  Cape, 
and  I  have  great  pleasure  in  seconding  the  motion,  as  Mr.  Trotter 
took  such  an  active  part  in  founding  the  local  centre  there,  and  so 
leaving  a  record  of  his  services. 

The  President  :  These  are  the  Local  Secretaries  and  Treasurers  not 
of  our  five  local  branches,  but  the  Hojiorary  Secretaries  wherever  we 
have  them,  in  all  parts  of  the  world— in  India^  Canada,  Australia,  and  in 
various  countries  in  Europe,  including  those  who  have  been  made  Local 
Honorary  Secretaries  in  the  past  year  in  Italy  and  Sweden,  It  is  a 
somewhat  comprehensive  vote,  but  the  Institution  owes  a  great  deal  to 
the  energy  and  devotion  of  these  gentlemen,  whose  services  enable  us 
to  keep  in  touch  with  our  scattered  membership  through  the  whole 
world. 

The  resolution  was  then  put,  and  carried  imanimously. 

Mr.  J.  S.  Raworth  :  I  beg  to  propose  ''That  the  thanks  of  this 
Institution  be  accorded  to  Professor  Ayrton  for  his  kind  services  as 
Honorary  Treasurer  during  the  past  twelvemonth.'*  You  know  Pro- 
fessor Ayrton  in  his  character  of  Professor  better  than  I  can  tell  you. 
But  you  do  not  know  him  in  his  capacity  of  Treasurer.  I  do  ■  and  I  can 
assure  you  his  ser\nces  are  not  fully  described  when  they  are  called 
"'kind/'  They  are  absolutely  admirable.  He  is  built  on  the  principle 
of  the  old  pot  savings  tjanks — you  can  get  Ihe  money  in  easily  enough, 
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but  3*ou  can  never  i;cl  it  out  again.  I  am  s^ure  this  Institution  is  hound 
to  have  Professor  Ayrton  as  Treasurer  as  lon^  as  he  lives,  because  yxw 
will  never  get  money  out  of  him>  however  much  you  try,  cs^cept  h\ 
grinding  him  up  with  a  pestle  and  mortar.  Another  thing  is  thai  \u 
Uhs  done  the  best  he  can  to  increase  the  interest  accniing  to  this  Insti 
tution  from  Ihu  investment  of  Ihc  ftinds.  He  has  had  this  very  strongk 
on  his  mind,  and  he  does  not  intend  this  Institution  to  go  ^vilhout  i 
good  return  for  want  of  trying  to  get  interesi  on  the  money  thai  is  put 
out. 

Mr-  H.  M.  Saykrs  :  I  have  much  pleasure  in  seconding  thb  motion 
1  think  we  must  all  agree  that  when  a  man  with  the  many  engagemeni- 
and  business  interests  of  Professor  Ayrton  take*!  upon  tiimself  the  re 
sponsible  position  that  he  has  done,  no  mere  words,  can  fully  repay  tbt 
debt  we  owe  him  for  the  work  which  he  does  in  our  interests. 

The  resolution  was  carried  unanimously, 

Mr.  A.  j.  Lawson  :  I  beg  to  move  ''  Tliai  the  thanks  of  this  Institii- 
tion  be  given  to  Mr.  F*.  C.  Danvers  and  Mr.  E,  Garcke  for  th<rir  kind 
services  as  Honorary  AudiUDrs  during  the  past  yt*ar."  You  may  rely 
upon  it  that  as  auditors  what  ttiey  do  they  do  well. 

Mr.  J.  Rexn'IE  :  I  have  much  pleasure  in  seconding  the  resolution. 

The  resolution  was  carried  unanimously* 

Mr,  A.  A.  C.  SwiSTON :  I  have  h  resolution  to  propose  which  I  ara 
sure  will  commend  itself  to  every  one,  I  do  not  know  that  the  members 
of  this  Institution  are  more  litigious  titan  other  people,  but  every  one  who 
employs  lawyers  is  aWrire  that  usually  they  are  very  expensive,  i  have 
recently  hccn  engaged  in  a  case  in  which  severril  lawyers  were  etu- 
ployed.  .ind  I  calculated  rotighly  they  were  costing  at  the  rate  of  aH^tf 
_£5  a  minute.  I  :mi  now  appalled  at  the  idea  of  the  bill  which  will 
shortly  he  delivered,  We  have  the  great  tx'nefit  m  this  Institution 
that  we  have  an  honorary  lawyer  w'ho  does  all  our  work  for  nothing. 
I  think  I  ought  to  say  that  lie  has  a  great  deal  of  work  to  do-  Last 
year  he  had  much  to  do  in  connection  with  our  new  Articles  rtf 
Association.  This  year  he  has  given  us  a  great  deal  of  his  time  in 
connection  with  the  rules  for  the  new  Local  Sections  of  which  wt- 
have  heard  the  great  importance^  and  also  in  connection  with  tiit 
arrangements  for  the  Wikle  Trust.  I  have  therefore  greal  pleasure 
m  moving  the  following  resolution,  *'That  the  best  thanks  of  the 
Institution  be  tendered  to  Messrs*  Wilson,  Bristows,  and  Carpmael  lor 
their  kind  services  -as  Honorary  Solicitors  during  the  past  year/" 

Mr.  W,  M.  MoKDEY  :  It  is  more  or  less  natural,  1  suppose,  for  elec- 
trical engineers  to  work  for  the  good  of  this  Institution,  but  we  ha\'e 
not  the  same  sort  of  cLaim  on  others  to  do  so.  I  think  that  ought  to 
make  us  all  the  more  graceful  lo  our  Honorary'  Solicitors,  especially  af 
so  far  as  I  know,  they  are  not  getting  an}*  part  oi  the  £$  a  miniitt 
which  Mr.  Swinton  has  mentioned.  The  proposer  of  the  motion  i^ 
quite  right  in  saying  that  the  duties  carried  out  by  the  Solicitors  art 
not  merely  formal.  They  have  a  great  deal  to  do,  and  you  w*iil  i]uiic 
understand  tWl  t\\^  ^TQ^\'th  of  the  Institution,  the  number  of  fields  in 
which  activity  \sbe^\uv^'=^V^^^&,a.\v4\\v^\m\*t:i'tViT\\»:^esti  of  buildipK 
^ites  and  adm\mslta\\oTv  ol  l>m^^  ^tiA  ^  ^it^,  ^.^JftH,  w  x^tx^^  ^^j^^^y^sms 
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we  should  be  exceedingly  well  advised*  as  indeed  wu  are,  I  hope  we 
shall  pass  a  hearty  vote  of  thanks. 

The  resolution  wa.s  carried  unanimously. 

The  pRtsiDEXT ;  I  am  only  sorry  Mr.  Bristuw  has  found  it  neces- 
sary to  leave  the  meeting  to  keep  another  appointment — he  was  here 
only  a  few  moments  ago,  I  should  have  liked  him  to  he  present  to  hear 
how  the  mcmberii  appreciate  the  really  ardnous  services  wliich  he  has 
discharged  so  excellently  for  us^  and  entirely  gratuitously. 

The  next  business  is  to  announce  the  result  of  the  election  of  the 
Council  and  Oflicers  for  the  year  itpo-it^pi.  The  Articles  of  Assti- 
cialion  provide  that  the  names  shall  be  read,  as  they  were  a  month  ago, 
and  circulated  to  all  the  members,  giving  the  members  ati  opportunity 
of  making  any  alternative  proposals.  It  so  happens  that  in  the  present 
3^ear  no  alternative  proposal  has  been  made  by  any  member  for  any 
oflice,  and  therefore  the  whole  of  the  members  proposed  in  their 
various  capacities  have  been  elected,  as  1  have  alre;uly  mentioned  in 
the  case  of  one  of  the  Vice-Presidents.  Mr.  Maseart. 

President. 
Professor  J.  PKRRy»  F.RS. 


W,  E.  Lancdon. 
James  Swixhuhnr. 


Vi  ce-Prc  sid  en  ts, 

I  E.  Mascart. 

Members  of  Council. 


Major  P.  Cardkvv,  R*E. 

H.  Edmukus. 

S,  Z;  DK  Fkrraxtl 

]in\\  Gavrv. 

RomiRT    HAMMONDp 

Hugo  Hirst. 

J.  E.  KiNGSHURV, 


A.  J.  Lawsun, 

P,  V.  LuivE,  CLE. 

W.  M*  MORDEY* 

R.  p.  Sellox. 

C.  R  Sparks. 

A*  A.  Cami^kkll  SWIXTON. 

A.  P.  Thutter. 


Aftflociatc  Members  of  Council. 
W.  R.  CoopKk,  M.A.,  B,Sc.        [  S.  EVKRSHED. 

R.  W.  Wallace,  Q.C. 

Honorary  Auditors, 
Frederick  C.  Danvers.  |  E.  Garcke* 

Honorarj  Treasurer* 
Professor  W.  E.  AvKTONp  F.R.S.^  Past- President. 

Honorary  Solicitors. 
Messrs,  Wii^ux,  BRiSTOWHt  &  Carpmael. 


I   omitted   to  make  one  announcement  at  the  time  announcements^ 
were  bein^  made.    It  is  this,  that  the  hoiiri^  dum^  vi\\\id\  t\\v^  \iferMN  ^V 
thu  Institution    is  open  will    be  allcrtjd,     They  \\^\e  \y£ti\\  o-^^vl  ^cOCv 
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8  o'clock  at  night  on  certain  days  of  the  week,  and  closed  on  certain 
others — on  Thursday  afternoon  and  evening.  On  considering  the 
question  the  Council  has  decided  that  henceforth  the  Library  shall  be 
open  every  day  except  Saturdays  till  6.30,  and  on  Saturdays  until 
2  o'clock. 

The  President  announced  that  the  scrutineers  reported  the  fol- 
lowing candidates  to  have  been  duly  elected  : — 


Members : 


Charles  Henry  Davis. 
William  Martin  Haddow. 


Henry  Heileman  Wait. 
Louis  James  Benard  Wall. 


A  ssocia  ie  Mem  bers  : 

W^illiam  James  Proctor.  |       Norman  Rheam. 

Arthur  Hugh  Seabrook. 


Associates : 


Herbert  Bingham. 
Arthur  Reginald  Cooper. 
Ivon  Molesworth  dc  Havilland. 
PVank  Hope-Jones. 
John  Watson  Jack. 


Frederick  Charles  Pay. 
David  Robertson. 
Albert  Edward  Short. 
Alexander  Thomas  Stcu'art. 
William  Francis  Whittaker. 


Students : 


Francis  Percy  Scager. 


I       Frank  Herbert  Wigncr. 


The  President  :  This  concludes  the  business  of  this  Annual 
Meeting  and  of  the  session.  We  hope  to  meet  again,  under  the 
Presidency  of  Professor  John  Perry,  in  the  autumn. 
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GLASGOW  LOCAL   SECTION. 

Paper  read  at  Meeting  of  Section^  April  sjthf  1900. 


SOME   CONSIDERATIONS  CONCERNING 
ELECTRIC    DRIVING, 

By   H,  A,  Mavor,  Member, 

This  communication  has  been  hurriedly  prepared  to  fill 
the  gap  caused  by  the  falling  through  of  the  proposed 
arrangement  to  hav^e  a  Presidential  Address  from  Lord 
Kelvin  on  this  evening.  The  object  of  the  paper  is  to 
suggest  points  for  discussion  in  connection  with  the  use 
of  small  motors. 

The  institution  of  public  supply  stations  for  the  dis- 
tribution of  power  is  now  well  begun  in  this  country,  and 
is  likely  to  show  very  important  developments  in  the  imme- 
diate future^ 

It  is  not  necessary  to  prejudge  the  case  now  being 
considered  by  a  Committee  of  the  House  of  Commons  to 
determine  whether  or  not  the  public  supply  of  power 
ought  to  be  in  the  hands  of  the  local  or  municipal  autho- 
rities or  in  the  hands  of  private  companies.  In  either  case 
the  results  as  regards  the  practical  requirements  for  the 
supply  of  motors  are  likely  to  be  qualitatively  if  not  quanti- 
tatively similar. 

The  chief  determining  factor  in  the  quantity  of  motors 
to  be  required  will  be  the  price  for  the  supply  of  electrical 
energy. 

it  seems  probable  that  the  price  to  be  aimed  at  in  the 
immediate  future  will  be  about  id,  per  unit  for  a  500-volt 
supply  on  three- wire  system.  It  is  not  probable  that  this 
price  will  be  seriously  reduced  in  such  a  time  as  need  be 
considered  for  our  present  purpose. 

It  is  well  known  that  large  users  of  power  can  produce 
electric  energy  for  their  own  purposes  at  or  about  this 
tigure,  and  it  is  very  unlikely  that  they  would  in  any  case 
draw  upon  the  public  supply,  and  therefore  the  demand  is 
likely  tu  come  rather  from  users  of  small  powers  or  of  large 
powers  in  such  an  intermittent  manner  as  to  preclude 
economical  production, 

Thi?  lixing  oi  a  standard  voltage  ol  ^00  av^i  cotvMvcv\i.craa 


^90 


MAVDR:   SOlfE  COXSIDERATIOXS 


[Glx<goir, 


current  for  public  supply  must  necessarily  tend  to  stan- 
dardtse  private  supply  on  the  same  lines,  not  only  because 
of  the  convenience  of  interchange  of  sources  of  supply  by 
the  user,  but  because  of  the  preference  by  the  manufacturer 
to  supply  a  stxiudard  article.  It  may  be  assumed  thai  the 
probable  range  of  sizes  of  motors  required  for  connection 
to  pubhc  supply  will  be  normally  from  about  §  H.P* 
to  about  20  H.P.  each.  The  lower  limit  is  certainly  far 
above  the  power  required  for  many  industrial  operations, 
but  the  manufacture  of  motors  below  J  H,P.  for  use,  e%*eu 
on  250'volt  circuit,  is  not  likely  to  be  satisfactory,  for  two 
reasons  : 

First,  because  of  the  high  initial  cost  in  proportion  to  the 
effective  power  ;  and 

Secondly,  because  of  the  verj^  inefficient  working  of  the 
smaller  sizes. 
In  cases,  therefore,  where  the  individual  units  are  smaller 
than  I  HP.,  as,  for  example,  sewing  machines^  they  will 
probably  be  grouped  so  as  to  utilise  the  larger  sizes  of 
motors. 

From  the  users'  point  of  view  efficiency  is  usually  ^ 
matter  of  secondary  consideration  until  the  experience  of 
comparative  bills  of  cost  induces  a  more  intelligent  inquiry 
into  the  relative  values  of  the  motors.  In  the  first  instance, 
the  capital  cost  of  the  motor  is  too  often  allowed  to  be  the 
sole  determining  factor  in  choosing  it.  The  cost  of  the 
I  H.P.  motor  may  be  taken  at  about  £1^,  and  the  cost  of 
running  it  nine  hours  per  day  for  a  year  at  id.  per  unit 
would  be  about  £$t  so  that  the  calculation  of  the  value  of 
improved  efficiency  is  a  simple  one ;  i,e?.,  a  saving  of  10  per 
cent,  on  efficiency  on  the  motor  would  amount  to  los,  per 
annum.  The  charge  for  interest  and  depreciation  of  £15 
being  taken  at  30s.,  an  increase  of  one-third  in  tlie  price  of 
the  motor  would  be  justified  if  it  gave  10  per  cent,  better 
efficiency.  This  would  approximately  increase  the  size  of 
the  motor  by  about  twice,  and  the  argument  is  therefore  a 
strong  one  in  favour  of  spending  money  on  material  for  the 
purpose  of  gaijiing  increased  efficiency  on  motors  of  this 
si^e. 

The  smaller  the  machine  is,  the  greater  the  handicap 
imder  which  it  wotfe. 

The  use  oi  ^mivW^it  -ma-Otvvtv^ifs.  \s  tjlX^s^w^^^  n^v^^x  l-^at^ihcr 
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disridvantnges  in  the  direction  of  frequent  necessity  for  and 
difficulty  ill  carrying  out  repairs. 

Looking  at  the  matter  now  from  the  man u fact urers* 
point  of  view,  let  us  consider  how  the  probable  demand 
for  motors  can  best  he  met. 

Motors  of  5  to  20  H.R  prenent  no  difficulty,  They  can 
be  economically  ddsi|^ued  and  made  at  a  reasonable  cost- 

The  smaller  motors,  on  the  other  hand,  if  they  are  to  be 
efficient  working  machines,  present  many  difficulties.  The 
cost  of  material  for  the  smaller  machines  of  normal  design 
as  regards  their  magnetic  and  electric  features  bears  a  very 
high  proportion  to  the  total  value  of  the  machine,  and  the 
amount  of  labour  to  be  expended  upon  these  materials  is 
made  up  of  so  many  small  items,  that  it  is  extremely  difficult 
to  effect  any  material  saving  in  cost.  These  facts  apply 
more  especially  to  the  manufacture  of  small  shunt-wound 
machines  for  high  voltage.  The  manufacturer  would  there- 
fore probably  prefer  to  supply  for  the  small  sizes  series- 
wound  motors,  and  they  may  fairly  plead  the  several 
advantages  from  the  users'  point  of  view  to  weigh  in  the 
consideration. 


A  series-wound  motor  is  more  easily  started  with  the 
load. 

The  maximum  current  required  to  give  the  starting 
torque  is  usually  less  in  the  series  motor  than  in  the 
shunt  motor,  and  therefore  the  starting  resistance 
need  not  necessarily  he  so  large  ;  the  resistance  of  the 
series  winding  of  the  motor  supplements  the  starting 
resistance. 

As  there  is  a  much  smaller  numl>er  of  turns  of  wire  on 
the  series  motor,  the  inductive  effects  on  making  and 
breaking  the  current  are  much  less  likely  to  cause 
damage  to  the  motor  and  to  the  starting  switch* 

Series  motors  can  be  designed  to  give  a  comparatively 
small  variation  of  speed  within  ordinary  working 
limits  if  they  are  properly  applied  to  the  work,  and 
if  care  he  taken  that  the  machine  is  not  working  at 
an  improper  speed,  either  above  or  below  its  most 
efficient  range,  then  the  efficiency  need  not  be  wor^e 
and  may  be  better  than  thai  oi  ^  ^M^V^Q\3t^^ 
nmchine. 
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The  use  of  a  series-wound  motor  for  a  very  large  pro- 
portion of  industrial  operations  does  not  appear  to  present 
any  serious  difficulty.  It  is  perhaps  not  very  generally 
recognised  that  the  working  efficiency  of  nearly  all  manu- 
facturing machines  is  extreniely  low,  so  that  the  variation  of 
load  produced  by  change  in  the  aniount  of  work  done  by 
the  machine  is  much  less  important  than  would  at  first  sight 
be  anticipated  ;  for  example,  a  bank  of  sewing  machines 
running  light,  i,e.f  without  stitching,  absorbs  very  nearly  as 
much  power  as  when  the  machines  are  stitching-  Printing 
machines,  if  they  are  in  motion  at  all,  absorb  about  the 
same  power,  whether  they  are  printing  or  not-  Tools  used 
in  engineering  manufacture  are  not  more  efficient  than 
those  used  in  other  industries.  The  insertion  of  the  tool 
into  the  work  in  a  turning- lathe  produces  a  surprisingly 
small  variation  in  the  current  required  to  drive  the  lathe. 
The  same  is  true  to  an  even  greater  extent  in  the  case  of 
planing  machines,  and  to  a  less  extent  in  the  case  of  milling 
machines. 

it  is  easy  to  design  a  series  motor  so  as  to  give  a  vana- 
tion  of  power  which  is  amply  sufficient  to  cover  llic 
fluctuations  arising  from  variations  in  work  done  by  the 
machine,  and  to  maintain  the  speed  within  a  range  of 
variation  similar  to  that  which  occurs  in  all  belt-driven 
machinery ;  and  this  can  be  done  with  a  very  slight  varia- 
tion in  the  efficiency  of  the  motor.  The  necessarily  high 
resistance  of  motors  of  the  size  under  consideration,  and 
their  relatively  low  efficiency  even  under  the  best  conditions, 
puts  practically  out  of  account  any  risk  of  damage  from 
the  motor  running  away  when  lightly  loaded  Many  starting 
switches  are  now  in  use  with  magnetic  devices  for  cutting 
off  the  supply  when  the  current  falls  below  a  desired 
minimum  or  rises  above  a  desired  maximum,  and  tliere 
need  be  no  fear  of  damage  on  this  score. 

The  insurance  companies  are  beginning  to  take  an 
interest  in  the  subject  of  electric  driving,  and  care  must  l>e 
taken  by  engineers  and  all  concerned  that  they  are  not 
allowed  to  impose  absurd  restrictions,  such  as  have  so  much 
hindered  the  proper  development  of  electric  wiring  arrange- 
ments»  In  Glasgow  so  far  there  is  not  much  of  which  to 
complain,  but  already  proposals  have  been  made  by  in- 
surance  compam^s  >wh\ch  tend   to   injuriously  ailect   the 
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convenience  and  efficiency  of  electric  motor  arrangements- 
The  best  way  to  deal  with  the  companies  in  such  matters 
isp  while  treating  them  confidentially  in  the  way  of  explain- 
ing what  are  the  real  dangers  and  how  they  ought  to  be 
avoided,  and  giving  them  every  encouragement  to  insist 
upon  good  workmanship,  to  be  perfectly  firm  in  refusing 
to  adopt  any  absurd  measures,  such,  for  example,  as  placing 
motors  on  insulated  non-combustible  bases. 

The  indications  are  that  the  enclosed  motor  is  Hkely  to 
be  largely  adopted  in  preference  to  the  open- type  machine  ; 
and  on  the  whole  this  is  quite  a  defensible  preference,  but 
it  must  not  be  forgotten  that  the  enclosed  motor  is  a  less 
efficient  machine  than  the  open  motor. 

The  starting  switch  is  a  much  more  probable  source  of 
danger,  and  in  fact  much  yet  remains  to  be  done  from  the 
designers'  and  manufacturers'  standpoint  to  make  the  start- 
ing switch  even  for  small  motors  a  thoroughly  satisfactory 
article.  The  liquid  switches  largely  employed  in  connection 
with  some  of  the  electric  lighting  stations  seem  on  the  whole 
to  give  satisfactory  results,  but  the  arrangement  is  more 
cumbrous  and  expensive  than  it  ought  to  be,  and  is  too 
liable  to  get  out  of  repair  from  corrosion,  or  to  become 
ineffective  from  evaporation  of  the  liquid.  The  American 
types  of  wire  starting  switches  which  hai^e  been  largely 
imported  into  this  country  are  not  satisfactory,  and  in  fact 
the  problem  is  still  an  open  and  unsolved  one. 

The  enlightened  policy  now  being  followed  by  the 
Glasgow  Corporation  electrical  engineer  is  likely  to  result 
in  a  very  large  demand  for  motors,  and  it  would  appear  that 
there  is  here  a  more  interesting  and  productive  field  of 
enterprise  for  the  electrical  engineer,  as  distinguished  from 
the  wireman,  whose  reputation  is  as  good,  and  his  character 
no  better  than  it  ought  to  be- 
There  are  a  thousand  interesting  problems  awaiting 
solution  at  the  hands  of  electrical  engineers  for  the  appli- 
cation of  electric  power  to  all  departments  of  industry,  and 
there  is  now  no  lack  of  interest  on  the  part  of  the  public,  so 
that  an  intelligent  and  skilful  application  to  the  problem 
will  certainly  result  in  proht  to  those  engineers  who  have 
the  ability  to  solve  it. 
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These  curves,  the  object  of  which  is  to  compare  the  performance  of 
the  same  motor  when  the  magnets  are  (i)  series  wound,  and  (2)  shunt 
wound,  are  calculated  from  a  small  motor,  the  maximum  load  of  whicli 
would  be  about  8  amperes.  It  has  been  chosen  with  fairly  high  resist- 
ance both  in  the  magnets  and  in  the  armature,  as  the  results  of  these 
resistances  on  the  curves  are  then  more  easily  visible.  In  cither  case 
the  abcissa?  are  amperes  and  the  curve  is  ciirried  to  the  maximum  cur- 
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rent  which  the  motor  resistance  would  let  through  when  the  armature 
is  standing  still. 

Curve  No.  i  is  plotted  with  revolutions  per  minute  as  ordinates. 
„      No.  2  with  effective  watts  „  „  „ 

„      No.  3  with  C-R  losses  „  „  „ 

„      No.  4  the  torque  „  „  „ 

„      No.  5  the  efliciencies  ,,  ,,  „ 

In  each  case  the  V\^\\V  cwTWi  \uOC\ca.V^s  vV\vi  v^^^ormance  of  the  motor 
with  shunt  winding.,  iVie  Wa\n  cuTWi  v;\Va  svixxvis  >5;\\\^vcv^. 

Curves  No.  1  -Andiuvc  W\c  mo^vi\mvQxV.\\\V\"ssc>.  VSQ.\^>SNi&^^^^ 


1900.1 


CONCERNING  ELECTRIC   DRIVING. 


Fig.  2. 


^000 
4300 

sfioa 

1 

t 

ef 

RA 

OS. 

>£S 

/ 

/ 

/ 

J 

/ 

/ 

/ 

^3,:k)c 

/ 

/ 

^mjfvi 

( 

/ 

/ 

ipQO 

/ 

/i 

, J 

/ 

.ji 

/ 

4500 
JpOQ 
300 

/ 

y 

/ 

/ 

^ 

^r 

^^ 

J 

^ 

c 

5 

i 

a 

£ 

O 

3 

o 

.    4 

d 

a 

0 

6 

o 

H 

0 

6a 

Amperes. 
Fig,  3- 


896 


MAYOR:   SOME  CONSIDERATIONS  [Glasgow, 


y 

0 

1 

/ 

Ti 

7RC 

\U£ 

/ 

f 

^ 

J 

/ 

&  ^^ 

A 

/ 

5 

/ 

s 

> 

f 

/ 

/ 

/ 

/ 

f 

/ 

^   £ 

J 

/ 

/ 

r — 

i 

/ 

/ 

/' 

/ 

/ 

(/ 

0  iO  20  50  40  50  60  TO  $0 

Amperes 

Fig  4. 


jLyt 

,r 

^ 

'pi 

\ 

£i 

^FH 

U£^ 

\fcr. 

it 

\ 

\, 

\ 

\ 

\ 

d^ 

\ 

\ 

V 

nFi/ 

\ 

^ 

\ 

< 

\ 

\ 

d« 

\ 

\ 

fi/i 

\ 

I 

\ 

i^U 

j 

\ 

\ 

\ 

\ 

\ 

V 

\ 

\ 

t 

\ 

0 

K 

> 

£ 

0 

^ 

Q 

.  * 

0 

& 

>o 

& 

0 

7 

0 

-So 

Amperes. 


19O00  CONCERNING   ELECTRIC  DRIVlNa  8»7 

to  obtain  i  ;mc[  2.  whilst  4  and  5  are  derived  immediately  from  r  and  2 
and  not  directly  from  the  data  of  the  motor. 

Taking  No,  r  first,  the  interpretation  of  the  curve  is  as  follows  :-- 

If  the  armature  is  held  with  a  torque  sufficient  to  prevent  its  rotating, 
the  current  will  he  about  72  amperes  in  the  case  of  the  shunt-wound 
motor.  at>out  25  in  the  case  of  the  series-vi^onnd  motor.  This  difference 
is  of  course  due  to  the  comparatively  large  resistance  of  the  series 
coils.  As  the  torque  is  decreased,  the  current  is  reduced  and  the  speeds 
increase  as  shown  by  the  curves.  Wlien  we  get  to  a  current  of  about 
2*2  amperes  for  the  shunt  and  2*K  for  the  scries,  the  whole  of  the  watts 
are  employed  in  driving  the  motor,  which^as  shown  on  curve  No.  2,  has 
no  effective  watts,ii>.,  is  unable  to  do  external  work.  It  should  l>c  noted 
that  although  the  curves  are  continued  (dotted)  below  this  point,  show- 
ing the  speeds  at  which  the  motor  would  run  if  a  less  current  than  2 "8 
and  3 '2  respectively  were  aUowed  to  pass,  it  is  impossible  in  this  particular 
motor  and  under  the  conditions  in  which  the  curves  are  drawn,  vi^,  a 
constant  impressed  E.M.F*,  to  obtain  any  smaller  current  than  those 
indicated  ;  the  only  way  to  do  this  would  be  I0  reduce  the  E.M.F.at  the 
terminals  of  the  motor,  which  is  contrary  to  the  conditions  under  which 
the  curves  are  drawn,  or  to  apply  a  negative  torque,  u€,f  run  the  machine 
as  a  j^enerator. 

Cun'es  No.  2  explain  themselves.  They  are  obtained  by  subtracting 
from  the  watts  impressed  on  the  motor  (i)  the  C'R  losses  as  shown  on 
curve  No.  3  ;  (2)  in  the  case  of  the  shunt  motor,  a  constant  quantity  of  r6o 
watts  for  shunt  excitation  ;  and  (3)  in  both  cases  an  allowance  for  core 
losses  and  friction,  which  has  been  taken  as  proportional  to  the 
speed. 

In  curve  No.  3  the  light  curve  indicates  the  C^R  losses  in  the  armature  ; 
the  losses  in  the  armature  w*hen  the  motor  is  wound  as  series  willj  of 
course,  be  practically  the  same,  only  differing  slightly  because  in  the 
case  of  the  shunt- wound  motor  the  shunt  current,  in  this  case  about  i'6 
amperes,  does  not  pass  through  the  armature.  The  heavy  curve  shows 
the  combined  losses  in  the  shunt  and  in  the  series  windings. 

Curve  No.  4  is  simply  the  effective  watts  from  curve  No.  2  divided 
by  the  speed  from  curve  No.  t.  The  ordi nates  shown  on  the  curve  are 
a  ratio,  and  are  not  plotted  to  any  special  unit.  This,  of  course,  is 
merely  a  question  of  scale. 

Curve  No.  5  is  the  ratio  betw^een  effective  watts  as  shown  on  curve 
No.  2  and  the  total  impressed  watts.  It  is  interesting  to  note  that  the 
efficiency  of  the  series  motor  is  higher  than  the  shunt  at  low  currents 
when  the  C^R  losses  in  the  series  are  small,  the  losses  in  the  shunt 
remaining  constant  throughout  the  range.  As  the  current  increases, 
the  C'B  losses  in  the  series  soon  reach  the  value  of  this  constant  shunt 
loss  and  then  rapidly  exceed  it.  This  is  the  cause  of  the  efficiency 
curves  and  the  effective  watts  curve  dropping  away  rapidly  and 
finishing  at  25  amperes  in  the  case  of  the  scries,  whilst  they  are 
prolonged  to  72  in  the  case  of  the  shunt. 

Mr,  W.  B.  HiRD  described  the  curves  whvch  Mr,  Ul'a.xat  t^X^^x^A.  \5i 

in  the  coarsi^  of  his  paper. 
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Mr.  W.  A.  CujfB  Md  tetf  ibe  I 

fjf  the  gpe^beA  iB<crc«C     He  did  not  qetc  folkMr  Mr* 

Iht  ^lac^  wlicre  vaica^  appeared  better  dtta 

Qbe  to  kflow  if  Hic  ctamcs  ivmx;  ploAtnt  fro^  4 

olcalttlcd  reMlb^    Hc^  hid  jisJiy*  ti^oifSpit  titsit  s  ii 

dn^  lor  toddea  lionts  ctf  load,  W  fran  tibe  i 

ilnnil-aKilar»  «o«ld  be  im  better  ia  ssxh  cases.    He  i 

llIlD  ficnoaailfa  bkk  iidicreftii^  pant  w^  the  method  of 

Ibe  inoior  oo  and  off,  and^  altboogb  tbere  wer^  nam 

oi  gear  for  tbr»  fcrpote,  soiDe  ctf  tbcm  secised  nccdlradj  i 

and  no  better  losled  Ici  Ibe  ptrpoie  than  a  titocb  shaplcr  a 

Afi  arraii|«cment  which  br  used  for  a  long  tine  be  sfcetcbcd  ofi  the 

bc«fd^  and  he  ami  thai  it  wa^  both  siniftle  and  veir  satMactorr,     He 

eiiipbasi>ed  the  importance  of  getting  the  shunt  fnQT  exciieii  before  Ihc 

armatore  circatt  wa«  fully  closed^  aad,  as  would  be  seen  from  tbe  slcetdt. 

tb^  switch  met  this  reqturement.    He  also  pot otcd  oct  that  an  automatic 

fhut-off  fWttch  W3&  esscatiaJ  for  shimt-inotor^  as  madnnes  wen;  nllen 

plaood  to  positioits  where  the  supply  might  from  some  cause  be  stuiipcd 

tettiporanh%  aiid  if  there  were  oo  <^hut*o6F  switch  Cbe  conscqimice^ 

fiiiglit  be  «>iTiot]>t  when  the*  stipply  recommenced. 

Profes^sor  A«  GiLiY  stated  that  it  was  a  most  interesting  paper  and 
he  liad  li^amed  much  from  list  tuning  to  it,  bat  before  discnssjng  it  or 
ttiaking  any  remarks  he  would  have  liked  to  have  an  opporlmiity  td 
carefully  reacilng  it  through.  He  thought  the  paper  a  good  ithtstratiaii 
of  how  intcre:^ting  and  important  facts  could  be  conden^sed  into  diagrams^ 
and  he  had  studied  tlicm  with  the  greatest  interest. 

Mr.  Cdatk^  pciinted  out  that  in  some  macliines  there  was  a  great 
difference  bclwecn  no-load  and  fiill-load«  s^,  for  iostance^  in  hay-cutting 
and  oat-crui^hing  machines. 

ProfefrM^r  W.  H.  Watkixsox  thought  that  series-motors  were  only 
suitable  when  the  load  was  constant,  as  the  speed  was  not  so  easily 
rcgnUtcd.  He  referred  to  the  difficulty  in  getting  speed  variation,  and 
pointed  out  that  iu  many  industrial  operations  variable  speed  with 
Cfin^ljiiit  torque  would  be  necessar)%  yet  so  far  there  seemed  no 
effect i%'e  melliod  of  obtaining  that  in  a  satrsfactory  manner,  although 
he  understood  that  Mr.  Ferranti  had  recently  devised  a  motor  to  over- 
come this  difficulty,  and  he  should  very  much  like  to  have  particulars 
of  it, 

Mr.  A.  Stewart  mentioned  that  he  had  made  some  investigations  to 
ascertain  how  f;ir  it  was  possible  to  obtain  speed  regulation  with  shnnt- 
machines  by  introducing  ;i  resistance  into  the  lieid-coib  and  so  reducing 
tlie  available  m*ignetic  indnction.  Iri  some  types  of  machines  it  wa< 
possible  to  obtam  25  per  cent  increase  of  speed,  while  vnth  others  only 
a  !*light  incre^ise  was  possible,  further  experiment  being  stopped  by 
injurious  sparking  at  the  brushes. 

Mr.  H*  A,  MAVuHt  in  reply,  said  that  the  curves  accompanying  the 
paper  were  plotted  from  calculated  results^  and  pointed  out  thai  m 
practice  the  moVor  wou\d  wot  '^tcy\i^\^  \3^  ii^TTved  through  the  range  of 
load  sbown  on  the  c^rwci^  v  t^^^'ij  ^^tt  ^««ti  \.^  ^M<t  -^  mtix^  ^cs^^l^ie 
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grasp  llian  ts  usually  available  of  the  comparative  characteristics  of  "'  Mavoi 
shunt-  and  series*motorSp  The  curves  arc  plotted  on  the  lines  which 
have  been  adopted  for  recording  the  characteristics  of  street  rail-motors. 
He  stated  that  the  arrangenient  of  switching  the  motor  on  and  off  was 
familiar  to  him^  but  thai  he  did  not  consider  it  saic  to  leave  a  high- 
tenMon  armature  in  circuit  without  including  also  in  the  circuit  a  non- 
inductive  resistance  through  which  the  current  could  die  down  on 
switching  off. 

In  reply  to  Mr,  McWhirler,  Mr.  Ma%'or  pointifd  out  tliat  the  power 
required  to  drive  shafting  and  gearing  m  a  bench  of  sewing-machines 
bore  so  large  a  relation  to  the  total  powder  required  that  he  did  not 
think  it  would  be  found  that  there  would  be  any  injurious  racing  with 
decrease  in  the  load.  In  reply  to  }>iT.  Coatcs,  he  pointed  out  that  the 
machines  w*hich  he  had  specially  referred  to  as  being  mefficient  users 
of  power  were  engineering  tools  where  a  considerable  amount  of 
gearing  was  introduced  between  the  power  and  the  work,  both  for 
feed  and  traverse,  and  that  it  was  in  such  cases  as  thc!?c  that  the  power 
actually  expended  on  cutting  bore  a  comparatively  small  relation  to  the 
total  power  delivered  to  the  machine.  In  reply  to  Professor  Wat  kin  son, 
he  stated  that  he  was  not  conversant  with  the  details  of  Mr.  Ferranti's 
arrangement  for  speed  variation,  but  that  it  w  as  not  difficull  to  design  a 
motor  the  speed  of  which  could  he  varied  by  adjustment  of  the  brush 
position,  and  instanced  cases  where  this  had  been  done  and  also  where 
the  electromotive  force  giveti  by  a  dynamo  had  been  varied  from  full 
voltage  to  no n* excitation  without  sparking. 


Vol,  xxtJ(, 
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INAUGURAL  ADDRESS    BY  THE   CHAIRMAN. 

Delivered  May  15,  1900,  by 

A.  W.  HEAVISIDE,  Member. 

IXTRODrcTiox. — In  addressing  you  at  this  the  first 
.meeting  of  the  Newcastle  Section  of  the  Institution  of 
Electrical  Engineers,  I  have,  in  the  first  place,  to  thank 
you  for  the  unexpected  honour  you  have  bestowed  upon 
me  in  electing  me  your  first  chairman.  There  are  other 
members  of  this  Worshipful  Company  worthier  than  I, 
whose  modesty  has  thrust  the  unaccustomed  duties  upon 
me  ;  but,  having  accepted  the  position,  I  will  do  what  I  can 
to  furtlier  the  success  of  this  Section  of  the  Institute,  whose 
interests  are  those  of  the  fascinating  industry'  in  which  we 
are  all  engaged,  in  such  fashion  as  my  slender  attainments 
will  permit. 

I  have  thought  that  as  the  establishment  of  a  Section 
of  the  Institute  in  the  ancient  city  of  Newcastle-on-Tyne 
earmarks  both  the  place  and  the  time,  that,  perhaps,  it 
would  not  be  altogether  uninteresting  to  the  members  if 
an  effort  were  made  to  locate  in  some  degree  the  position 
held  by  the  District,  of  which  this  city  is  the  centre,  in  the 
electrical  industry.  To  do  this,  by  way  of  historical  intro- 
duction, it  is  not  necessary  to  go  back  to  Thales  of  Miletus 
and  his  excited  amber,  but  only  to  a  more  recent  period 
which  is  scored  all  over  w-ith  the  honourable  marks  of 
discoveries  and  inventions  which  have  mainly  assisted  in 
making  electricity  the  servant  of  man. 

Who  Built  vp  the  Telegraph. — As  we  all  know,  the 
pioneer  industry  is  that  of  the  electric  telegraph,  which  knits 
the  world  together,  and  is  both  the  oldest  and  at  present 
the  most  indispensable  of  all  the  applications  of  electricitv. 
Like  our  venerable  Queen,  it  came  to  the  throne  in  1837, 
where,  similarly,  it  has  reigned,  with  ever-increasing  benefi- 
cence, ever  since.  I  n  the  circumstances,  and  out  of  reverence 
for  those  who  liave  done  so  much  to  aid  present  successes, 
a  few  moments  can  be  well  spared  for  just  a  glance  at  the 
discoveries  and  inventions  needed  for  the  evolution  of  the 
electric  te\e^r'Ap\\  \u  '\Vs  suw^slest  form.  All  that  is  needed 
to  signal  the  lUov\^\\\s  ol  XW  com\\\\x\\\Vi  Vtowi.  v^w^  ^lace  to 
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another  is  the  combined  use  of  three  things,  built  up  of 
many  parts^ — a  source  of  electricity,  a  conductor  of  t^lec- 
tricityj  and  an  indicator  of  electricity.  Simple  enough  in 
these  modern  days  :  every  electric  bell-hanger  knows  that> 
and  sometimes  knows  how  to  do  it  !  But  consider  what 
a  mountain  of  labour  and  patient  investigation  over  more 
than  a  century,  from  1729  to  1H37,  before  the  discoveries  of 
great  men  were  combined  by  the  Inventor  in  the  produc- 
tion of  a  practical  electric  telegraph. 

Just  look  askance  over  one's  shoulder  down  the  back 
entry  of  time.  There  are  always  the  shadowy  forms  loom- 
ing largely  on  the  horizon  of  Gray,  an  Englishman^  who, 
in  1729,  discovered  the  diffurencu  between  conductors  and 
insulators,  using  moistened  pack  thread  for  the  former »  and 
silk  loops  for  the  latter;  of  our  great  Anglo-American 
Franklin,  who,  in  1752,  with  his  kite  in  the  sky,  conducted 
the  lightning  to  the  earth,  thus  establishing  its  identity  with 
electricity  ;  of  Galvani  and  Volta,  the  eminent  Italians,  who, 
from  1786  to  1789,  developed  one  source  of  electricity, 
namely,  '*  the  Chemical  Battery.*'  Here  we  may  pause 
for  a  moment,  having  learnt  in  seventy  years  how  to  pro- 
duce and  how  to  conduct  electricity  in  an  elemental 
manner.  Then  comes  the  achievement  of  a  practical 
indicator  of  electricity — how  to  get  it  I — a  somewhat  com- 
plex problem.  A  needle,  or  armature  of  steel  or  iron, 
magnetised  permanently  or  temporarily  from  any  source, 
and  responsive  to  every  change  in  its  electrical  environment, 
yet  controlled  by  man^  a  thing  that  no  one  at  that  time 
knew  anything  about  practically,  in  a  combined  sense, 
though  many  lent  wings  to  their  imaginations  in  the  effort 
to  mentally  satisfy  the  probleni- 

The  Magnetic  Needle.^^1  promised  not  to  go  so  far 
back  as  Thales  of  Miletus,  but,  again,  reverence  for  the  past 
unexpectedly  commands  that  I  should  go  back  farther  stilt, 
but  just  for  one  moment,  if  only  to  say  that  the  ancient 
Chinese  in  past  ages  apparently  knew  all  about  its  properties. 
So  to  start  fair,  we  find  that  Oersted,  the  Dane,  in  1819, 
with  the  magnetic  needle  ready  to  his  hand,  made  the  first 
step ;  he  deHected  his  needle  by  means  of  a  current  in  a 
wire  parallel  with  it,  proving  that  currents  and  magnets 
have  similar  properties,  whilst  Ampere,  U^ii  x^w^^ns^nx'c.C^ 
Frenchman^  in   1820,  made  anothtn:  ^lep  Ns^   &'^<;LQMW^wi» 
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that  a  suspended  coil  of  wire  can7ing  a  current  w^as  2 
magnet*    Then   France,   in   the   same  year,    in    iJIustrioiis 

Arago,  provided  another  link  by  temporarily  magnetising  soft 
iron  during  the  presence  of  the  current ;  finally  SturgeoHf 
the  sturdy  EngUi^hman,  in  1825^  made  a  last  fundamental 
step,  by  placing  soft  iron  into  Ampere's  coil,  produced  the 
electro-magnet  of  to-day,  which  m  conjunction  with  a 
needle,  or  armature,  is  the  basis  of  telegraphy  and  many 
other  things. 

The  Invention  of  the  Telegraph, — The  mentil 
activity  of  the  twelve  years  following,  which  gave  a  clearer 
grasp  of  the  laws  of  electrical  action,  is  marked  by  the  mere 
mention  of  the  names  of  such  giants  in  science  as  Gauss, 
Weber,  Coulomb^  Faraday,  Henry,  and  Neumann,  who  also, 
in  one  way  or  another,  contributed  to  the  ahnost  simultaneous^ 
invention  of  practical  electric  ts^legraphs  in  three  great 
countries,  viz.,  England,  Germany,  and  tlie  United  Stales 
of  America  in  the  year  1837-  June,  of  that  year,  gave  the 
world  Cookt;  and  Wheatstone's  5«needlc  telegraph  ;  July, 
Steinheils'  needle^  bell^  and  printed  marks  telegraphs ;  and, 
October,  Morse's  marks  embossed  on  paper*  With  niauy 
apologies  to  the  names  of  the  unnamed  ilktstrious  ones,  I 
must  conclude  this  stride  over  a  century  and  endeavour  to 
show  Newcastle's  place  in  telegraphy  and  kindred  things* 
But  in  passing,  I  would  beg  you  to  observe,  incomplete 
though  the  list  may  be,  how  suggestive  is  the  array  of 
names  and  countries  to  which  the  contributors  belong. 
How  ubiquitous  is  science  and  its  votaries  I  What  a  true 
cosmopolitanism  and  uiiivt^rsal  brotherhood  exists,  which 
took  the  Institute  to  Switzerland  last  year,  and  will  certainlv 
take  most  electrical  engineers,  including  myself,  to  Paris 
this  year  1 — forgetful  of  yellow-press  politicians  and  their 
narrow  statesmanship,  which  contract  the  humanities  and 
tend  to  embitter  one  nation  against  another.  I  am  sure 
that  my  audience  is  with  me  in  crying,  ^*  Away  with  all  such 
narrow  and  sordid  feelings ;  let  us  breathe  a  purer  atmo- 
sphere on  a  higher  platform  !" 

The  Application  of  the  Telegraph, — In  1837,  as  1 
have  said,  a  practical  5- needle  telegraph  was  invented,  but 
was  soon  simplified  t(j  t%vn  needles  only.  This  invention 
was  slow  of  appreciation,  for  seven  years  elapsed  liefore  a 
Joint-Stock  Corapan^' w^^  e'^\uH\sK<id  to  exploit  it*     How- 
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ever,  in  1844.,  the  Electric  Telegraph  Company  started  the 
combined  raihvay-and-pubHc-service,  and  in  two  years  their 
operations  extended  to  this  neighbourhood,  where  they 
established  a  double-needle  circuit  from  Gateshead  to  York* 
At  that  time  thirteen  shillings  and  fourpence  was  charged 
for  a  message  of  twenty  words  from  Gateshead  to  London^ 
vid  York*  The  basis  of  this  charge  needs  to  be  placed  on 
record.  One  penny  per  mile  for  the  first  fifty  miles,  one 
halfpenny  per  mile  for  the  second  fifty  miles,  and  one 
farthing  for  every  additional  mile,  with  certain  extras  for 
porterage  and  addresses.  Now,  as  is  well  known,  since 
1885,  twenty  words  cost  sixpence  to  any  place  in  Great 
Britain  and  Ireland,  The  nimble  sixpence  is  the  key  to 
the  carriage  of  lightning  thoughts  throughout  the  land*  In 
1849  the  high-level  bridge  across  the  Tyne  was  completed, 
and  with  it  came  the  establishment  of  an  office  on  the 
Sandhill,  about  the  site  of  Gosmas'  restaurant.  Newcastle's 
first  direct  connection  with  the  Metropolis  was  in  1851, 
when  it  was  temporarily  established  with  the  first  Inter- 
national Exhibition  in  Hyde  Park.  The  double-needle 
now  began  to  give  way  to  the  single-needle  and  the  Bain 
Chemical  recorder,  which  were  succeeded  by  the  Morse 
embosser  in  1858.  In  1853-4  *he  Magnetic  Telegraph 
Company,  using  High  ton's  single-needle  and  Bright's 
acoustic  bell  system,  a  forecast  of  the  American  sounder^ 
came  to  Newcastle  with  transmitting  centres  at  Leeds  and 
Carlisle,  competitively  reducing  the  before -named  thirteen 
and  fourpence  to  three  shillings  as  the  Newciistle-London 
rate.  Another  ten  years,  and  1864  saw  the  shilling,  or 
United  Kingdom  Telegraph  Compajiy  in  local  existence, 
using  the  Morse  printer  and  the  beautiful  Hughes  type- 
writer, invented  in  1853-4-5,  which  brought  to  Professor 
Hughes  honourable  distinction  in  every  civilised  country 
but  his  own. 

But  in  1867  a  great  advance  was  made  :  up  to  this  time 
the  usual  controlling  force  in  all  signalling  by  battery 
contact,  or  interruption,  was  the  hand  of  the  operator 
which  limited  the  speed  of  working  on  any  wire  to  thirty 
or  forty  words  per  minute  at  most,  Wheatstone  knew  that 
the  speed  of  electric  travel  and  the  carrying  power  of  ihti 
wire  were  beyond  the  needs  of  man^-wVkvY^V  \Xv^^q\V  *0\«£^v\ 
got  out  of  the  wires  was  below  man's  ui^^ds*    \^^\^  ^\cit3v^\»^ 
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was  to  save  both  new  wires  and  time  by  the  introduction  of 
a  mechanical  device,  by  means  of  which  an  electric  battery 
contact  could  be  made,  broken,  or  reversed  with  great 
speed.  Tfiese  battery  contacts  represented  signals,  the 
familiar  dot-and-dash  of  tJie  Morse  alphabet >  which  w^ere 
recorded  on  a  paper  tape  at  one  or  more  places  simut- 
taneously.  He  achieved  this  by  first  punching  through  a 
paper  tape  a  series  of  contact-holes  to  correspond  with  the 
dots  and  daslies  which  form  the  alphabet,  and  by  passing 
this  tape  through  a  clockwork  reversing  battery  contact- 
maker,  transmitted  long  or  short  currents  along  the 
conductor  which,  at  the  distant  end,  entered  an  electro- 
magnetic receiver,  whose  responses  were  recorded  in  dot* 
and-dash  ink  marks.  This  invention  was  worked  out  by 
the  aid  of  that  most  estimable  gentleman,  Mn  Augustus 
Stroh,  a  veteran  pioneer  in  the  scientific  construction  of  all 
philosophical  and  electncal  apparatus,  whose  undersianding 
of  means  to  an  end  in  electrical  mechanisms  stands  pre- 
eminent. This  Wheat.^tone  automatic  apparatus  was  first 
introduced  for  practical  work  in  this  country  between 
Newcastle-on*Tyne  and  London,  Edinburgh  and  Glasgow 
following  after.  Daily  practical  work  is  carried  on  with  it 
at  a  normal  speed  of  330  words  per  minute  on  the  local 
wires  of  this  district,  and  between  London  and  Birming* 
ham,  600  per  minute.  Of  course,  if  duplexed,  these  figures 
become  about  550  and  1,000  respectively- 

In  1870  the  Post  Office  acquired  the  telegraphs  and 
introduced  universal  slulling  telegrams,  foUow^ed  in  1885 
by  sixpenny  telegrams.  By  the  kindness  of  Mr.  T,  Steven* 
son  and  Mr.  A.  Mellersh,  the  Post  Office  surveyors  of  this 
district,  I  am  able  to  give  the  following  figures  of  the 
traffic  of  this  district  for  the  year  ending  March  31,  1900  : — 

Tekgrams :— Forwarded.      Received.    Transmilted.       Total, 

3,034,030     3,193,890     2,523,971      8,751,891 

The  first  column  is  the  money-earning  one,  and  shows  that, 
taking  the  population  of  the  district  at  3,000,000,  rather 
more  than  1^  messages  per  head  of  the  population  originate 
in  the  district  per  annum,  but  taking  the  forw^arded  and 
ecsiv^d,  the  traffic  of  the  district  is  rather  more  than  three 
per  head  of  the  population.  The  wires  provided  in  the 
district  by  the  Engineers'  Department  amount  to  14^889 
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miles,  carried  along  1^794  miles  of  route;  287  post  offices 
absorb  823  sets  of  telegraph  apparatus^  and  1,244  pnvate 
offices  absorb  1,418.     The  National  Telephone  Company's 
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amount  lo  about  5^000  Exchange  connections,  using  6,657 
miles  of  wire  serving  32  Exchanges*     Figure  i  shows  ihe 
telegraph  offices  in  direct  communication  with  ^c^cas»\^ 
at  "(he  present  time,  equaUing   155,  served  b^    vo\  ^vs^j%» 
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exciusiv^e  of  wires  that  pass  through   Newcastle    en   rL.-^* 
for  other  places. 

To  continue  our  story,  of  course  duplex  and  quadru* 
plex  telegraphy  are  largely  employed.  Gtntl,  in  1853^ 
invented  duplex  telegraphy,  but  it  did  not  come  inlo 
practical  use  until  Stearns  applied  a  counter  Kick  condenser 
to  it  in  1873.  O.  Heaviside  j^uggested  quadruplex  tele- 
graphy, which  was  developed  by  Edison  and  others,  and 
was  followed  by  the  multiplex  of  La  Cour  and  Delaney. 
In  duplex  telegraphy,  as  we  all  know,  the  outgoing  current 
divides  equally  upon  the  apparatus  nulhfying  local  it?- 
spouses  ;  consequently  it  is  left  free  to  respond  to  currents 
from  the  distant  end  only.  Quadruplex  is  the  addition 
to  the  latter  of  currents  of  two  strengths,  %vith  selective 
app^iratus  at  each  end,  which  responds  only  to  the  current 
suited  to  it*  In  multiplex  telegraphy,  six  or  more  in- 
struments are  synchronously  and  successively  conneded 
to  one  wire  with  such  Hhort  intervals  between  each  con- 
nection that  practically  each  operator  has  an  independent 
use  of  the  wire*  Newcastle  has  not  risen  to  the  dignity  of 
the  use  of  this  apparatus  at  present-  The  search  for  various 
methods  of  multiplex  telegraphy  led  to  the  use  of  vibrating 
reeds  of  different  responses,  A  reed  may  be  a  tongue  of 
iron  before  an  electro-magnet*  Here  we  have  the  magnetic 
telephone  hi  nuhilms.  The  tongue  may  respond  to  vocal 
vibrations  and  be  developed  into  a  membrane  of  disc  shape 
still  more  responsive.  U  is  remarkable  that  there  is  a 
mysterious  connection  between  the  search  for  multiplex 
telegraphy  and  telephony,  which  just  preceded  the  inven- 
tion  of  the  telephone. 

The  Gkeat  Northern  Telegraph  Company,— -it  may 
be  usefully  mentioned  here  that,  in  1868,  the  importance  of 
Newcastle-on-Tyne  telegraphically  was  greatly  increased  in 
consequence  of  the  Anglo-Danish,  now  Great  Northern, 
Telegraph  Company  commencing  operations.  Their  iirst 
cable  was  laid  in  1868,  by  Mn  R*  S«  Newall,  between 
Newbiggin-by^the-Sea  and  Sondervig  on  the  west  cuast  of 
Jutland,  335  nautical  miles*  The  second  cable  was  laid  in 
1873,  between  Newbiggin  and  Hirtsliolson  on  the  &ime 
coast,  430  nautical  miles,  l*hc  third  cable  was  laid  in  18S0, 
between  Newbiggin  and  Arendal  in  Norway,  520  nautical 
mite^;   and  tViek  touvtU  and  last  cable  w^as  laid  in  1890, 
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between  Newbiggin  and  Marstrand  in  Sweden,  509^  nautical 
miles.  Ill  addition  this  Company  have  two  land  lines  to 
London,  and  one  to  Peterhead  in  Scotland,  in  connection 

with  another  submarine  cable  to  Norway.  The  apparatus 
employed  is  one  of  remarkable  delicacy  (a  first  cousin  to 
Lord  Kelvin's  siphon  recorder,  which  is  still  more  sensitive), 
called  the  undalator*  Indeed,  so  sensitive  is  the  arrange-  - 
nient  which  works  through  the  cables  and  the  land  lines  to 
Scandinavia  at  a  normal  speed  of  80  words  per  minute 
simplex  and  120  duplex,  that  great  care  has  to  be  taken  to 
avoid  lateral  inductive  effects,  Mr.  John  Mygind^  who  has 
ably  administered  locally  the  affairs  of  this  Company  since 
186S,  can  only  view  the  introduction  of  electric  traction  with 
apprehension. 

The  Commercial  Cable  Company  and  the  Anglo-American 
Cable  Company  have  each  land  wires  to  Newcastle  to  feed 
their  cables. 

Going  back  to  1859-60,  at  this  time  the  Universal  Private 
Telegraph  Company  exploited  the  Wheatstone  ABC  telegraph 
for  private  conversation  at  a  rental.  This  was  introduced 
into  Newcastle  in  1863.  Out  of  it  developed  the  ABC 
Exchange  system,  by  which  private  circuits  converging  on 
a  centre  were  joined  together  for  conversational  purposes. 
This  was  the  forerunner  of  all  telephone  exchaugeSp 
Printing  Court  Building  is  the  historic  spot  where  this 
was  first  done  in  this  country  in  1864.  Sir  William 
Armstrong  and  Company,  Thompson  and  Boyd,  and 
Charles  Mitchell  and  Company  were  the  first  to  keenly 
reahse  its  advantages.  This  magneto-electric  telegraph  took 
eighteen  years  to  develope,  from  1840  to  1858,  and  again 
the  hand  of  Stroh  helped  Wheatslone.  This  instrument  is 
really  the  baby  of  the  alternating  inductor  dynamo  of 
Mordey  and  others  of  to-day. 

But  in  1877  came  the  epoch-making  telephone,  the 
receiver  perfect  at  a  bound  from  the  hand  of  Bell,  our 
Angk>American.  Alexander  Graham  Bell  somehow  stepped 
in  front  of  Elisha  Gray,  who  was  first  in  the  field.  The 
instrument  has  appealed  more  powerfully  to  the  mind  of 
the  Ihinker  as  a  physical  demonstrator  of  the  existence  of 
electrical  vibrations  than  anything  before  and  up  to  the 
time  of  Herz  in  1887.  This  instrument  made  the  detectw^v^. 
of  long-distance  induction  pracUca\  loi  Ide^ia.^^^  ^wt^i^'s.K^, 
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and  preceded  the  no  less  extraordinary  detector  of  Branly 
and  others  called  the  coherer.  So  great  was  the  interest 
excited  by  the  invention  of  the  telephone,  that  in  May,  1877, 
two  of  my  staff,  Mr.  Frank  Reid  and  Mr.  W.  R.  Smith, 
needed  no  initiative  to  make  the  first  telephones  in  this 
district  from  parts  of  the  ABC  telegraph.  In  September  of 
the  same  year  Alexander  Graham  Bell  paid  a  stimulating 
visit  to  Newcastle,  where  already,  with  all  our  might,  we 
were  trying  to  understand  the  sometime  called  "philoso- 
phical toy."  What  to  do  with  it,  the  pesky  thing,  with  its 
marvellous  sensitiveness  ?  How  to  get  it  under  control  ? 
It  was  such  a  libertine  in  lapping  all  hitherto  invisible  and 
unknowable  electrical  procedures,  showing  that  beneath  the 
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outward  calm  the  Heavens,  the  Earth,  and  the  whole 
Cosmos  were  in  ceaseless  activity  of  vibration,  partly 
Nature's,  and  partly  that  part  of  Nature,  Man's. 

A  little  bit  of  soft  iron  encircled  with  wire  and  a  wee 
ferrotype  iron  diaphragm  fixed  in  a  case  became  the 
revealer  of  the  mysteries  until  then  only  deductively 
dreamed  of  by  the  physicists,  such  as  Maxwell,  Lord 
Kelvin,  and,  perhaps  I  may  be  permitted  to  add,  Oliver 
Heaviside,  and  others,  running  riot  with  the  imagination 
of  all  investigators  and  forecasting  that  in  the  long  run  there 
is  no  articulate  secret  that  may  be  unknown,  the  irrepressible 
telephone  picking  up  all  vagrant  sounds  of  mechanical  or 
electrical  origin,  like  the  sleepless  Fury  Tisiphone  at  the 
gate,  always  on  the  watch  to  record,  but  not  to  avenge  I 
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The  Microphone,— Then  Hughes,  in  1878,  crowned 
the  telephonic  edifice  with  the  invention  of  the  pencil 
microphone,  nearly  as  we  now  have  it^  making  a  gift  of  it 
to  the  world,  thus  paying  tribute  to  humanity,  as  he  has 
since  done  by  bequeathing  his  great  wealth  to  the  London 
ho!^pitals.  Of  course  from  the  first  the  days  of  the  ABC 
were  numbered,  and  the  problem  how  to  get  the  telephone 
under  control  stared  one  in  the  face.  Just  let  us  consider 
the  place  the  telephone  has  in  the  world, 

Definitiox  ok  Telegraphy,— Electric  Telegniphy  is  the 
transmission  and  reception  by  electrical  agency  of  inarticu- 
late thoughts  by  a  pre*arranged  code  of  signals  representing 
the  alphabet,  say  five  signals  per  word  It  involves  eight 
elemental  steps  : — i.  The  thought  j  2.  Its  writing  out  j  3.  Its 
conveyance  by  messenger  to  the  telegraph  office  ;  4-  Its 
transmission  by  dots  and  dashes  over  the  wires ;  5*  Its 
reception  by  dots  and  dashes  over  the  wires ;  6.  Its 
re-vvTiting  out ;  7.  Its  conveyance  by  messenger  to  the 
recipient ;  8.  The  understanding  of  the  written  thought  by 
the  recipient.  4,  5,  and  6  may  be,  and  are,  multiplied 
enormously  by  repetition  where  the  service  is  indirect* 
Though  clumsy  J  il  has  done  and  does  good  work,  is 
interesting  in  its  complexity  and  limited  in  application. 

Definition  of  Telephony*^ — Electric  Telephony  is  the 
instantaneous  interchange  by  electrical  agency  of  vocalised 
thoughts,  charming  in  its  simplicity.  It  sufficeth  not  in  this 
country  through  the  greed  of  monopolists  and  imperfections 
in  exploitation.  This  time  will  cure,  as  in  apph cation  it  is 
unlimited.  The  house-to-house  telephone,  nay,  the  room- 
to-room  telephone  is  its  inevitable  goaL  From  May,  1877, 
to  December  24thj  1880,  much  telephonic  research  work 
that  would  take  too  long  in  the  telling  was  done  at  Newcastle^ 
as  well  as  elsewhere. 

As  it  is  with  Newcastle  that  we  are  mostly  concerned  in 
this  address,  it  behoves  one  to  touch,  alas  1  too  lightly,  in 
this  lightning  survey  on  what  was  locally  done  as  the  result 
of  the  midnight  oiK  We  can  only  stop  to  record  one  obser- 
vation which,  though  it  attracted  little  attention  at  the  time, 
was  eventually  more  far  reaching  in  its  consequences  than 
any  other* 

Forecast  of  the  Bridge  System. — In  May,  1^77,  ^ 
local  circuit  was  made  up  of  four  lines  converging  on  an 
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Umschalter  switch.  When  conversation  tk^s  held  with  the 
pegs  inserted  as  in  Fig*  3,  a,  better  speech  was  obtained 
between  the  mechanics'  shop  and  the  battery  room  than 
when  the  pegs  were  inserted  as  in  Fig*  3,  B.  That  it  was 
so  we  knew.  Why  it  was  so  only  revealed  itself  as  time 
disclosed  its  importance. 

On  December  24th,  1880,  judgment  was  given  that  a 
telephone  w^as  a  telegraph.  This  opened  the  door  of  the 
department  for  its  eKploitation.  In  1S81  a  Post  Office 
Exchange  was  opened  at  Sunderland.  It  was  joined  up 
on  the  usual  plan  with  the  intermediate  apparatus  in 
sequence,  upon  double  wire  twisted  loops,  as  first  suggested 
by  Professor  Hughes.  The  apparatus  in  sequence  choked 
the  speech,  threw  the   line   out  of  balance,  let   in   lateral 
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induction,  undoing  the  benefit  of  Hughes'  hvist.  Shift  was 
made  in  this  district,  as  all  over  the  world,  with  this 
arrangement,  its  imperfections  being  condoned.  With 
underground  work  it  died  at  four  miles  length  ;  by  putting 
one  intermediate  on  one  side  of  the  loop  and  another  on 
the  other  side,  its  life  was  resuscitated  to  eight  miles  of 
undurground  work,  and  there  speech  stopped  dead.  But, 
as  had  already  been  proved,  there  was  one,  and  one  way 
only,  to  secure  telephonic  speech  unlimited  as  to  distance 
and  free  from  vagrant  sounds.  That  way  was  hidden  in  the 
elemental  principle  contained  in  Diagram  A,  which,  if  drawn 
out  straight,  threw  off  its  disguise  and  gave  this^ — Fig*  4— 
the  intermediale  apparatus  in  bridge  across  the  line.   Savants 
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looked  askance ;  it  abrogated  Ohm's  law  i  why,  it  short- 
circuited  the  hne  ! 

Fix^AL  Survival  of  the  Bridge  System.— However, 
its  efficiency  was  drastically  put  to  the  proof  by  partial  use 
in  1 88 1  ;  it  survived  the  whips  and  scorns  of  time,  and  was 
finally  adopted  in  toto,  Stockton  was  the  first  exchange 
entirely  joined  op  in  this  manner ;  a  new  post  office 
involving  new  construction  was  the  opportunity*  This 
exchange  was  opened  on  the  26th  of  January,  1885.  The 
kernel  of  the  system  is  that,  by  putting  apparatus  of  great 
impedance  at  the  intermediate  points,  vocal  high-frequency 
telephonic  undulations  gave  the  short-circuit  the  go-by, 
whilst  low-frequency  call-signal  currents  operated  the  sig- 
nalling indicators  at  the  bridges  con  amore. 

The  operating  in  the  Post  Office  system  is  arranged  so 
that  over-hearing  on  the  part  of  the  switch-clerks  is 
unnecessary.  A  system  of  automatic  block-sign alhng  by 
means  of  needle  deflections  tells  tlie  operators  all  they  need 
to  know  ;  hence  ail  the  conversations  are  heard  only  by 
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those  whose  property  they  are,  the  principals  in  the  transac* 
tion.  The  clever  application  of  hard-earned  prior  knowledge 
ensures  business  success ;  hut  if  it  leaks  by  the  way,  what 
then  ? 

Telephone  Trunk  Wires, — Telephone  trunk  wires 
were  early  introduced  in  this  district,  the  first  being  between 
Newcastle  and  Sunderland,  1883,  In  October,  1896,  when 
the  National  trunk  wires  became  the  property  of  the  State^ 
the  Newcastle  service  had  already  reached  33,  to  which  had 
to  be  added  the  National,  giving  a  total  of  68,  Now  they 
n:ach  72,  and  P'ig.  5  shows  to  what  towns  direct  communi- 
cation exists,  14  in  number.  If  to  this  be  added  all  the 
towns  now  served  by  telephone  trunk  wires,  the  total  is 
303.  In  tlie  Tees  to  Tweed  district,  for  the  year  ending 
March  31st,  the  number  of  trunk  calls  reached  3,127,689, 
Post  Office  and  National  I^cal  Exchange  calls  reach  about 
1 2|Doo,ooo  per  aninun. 
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LONG  Distance  Indcction  by  the  Telephone.— 
Then  came  1886.  As  already  referred  to,  the  telephone 
detection  of  inductive  effects  at  long  distances  is  marked. 
This  is  the  so-called  wireless  telegraphy  of  the  electro- 
magnetic order.  It  was  always  there ;  most  people  knew 
of  it  from  the  days  of  Faraday  and  Henry  in  1831  ;  but 
what  they  did  not  know  was  its  extent,  which,  atter  all, 


depends  upon  the  force  of  the  source,  the  delicacy  of  the 
detector,  and,  to  some  extent,  the  opacity  or  transparency 
of  the  medium.  The  telephone  always  asserted  itself 
unblushingly  in  responding  impartially  to  vagrant  electrical 
effects.  In  pursuit  of  this  Will-o'-theAVisp,  most  people's 
trouble  was  to  find  time  to  step  on  one  side  from  the  busv 
humdrum  of  Ufe  to  follow,  much  less  exhaust^  any  one  of 
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the  many  avenues  that  revealed  fascinating  hori;&ons  that  led 
to  the  joys  of  finding  out  Nature's  secrets  and  gave  beauty 
of  understanding. 

In  the  Newcastle  Battery  Room,  as  recorded  in  the 
Jounml  of  the  Socidy  of  Telegraph  Engineers^  voL  x.  p,  21, 
January  26th,  1881,  in  December,  1880,  one  had  only  to 
walk  about  tJie  room  with  a  telephone  and  a  coil  of  wire 
to  read  the  Morse  signalling  from  every  battery  in  use. 
This  work  was  resumed  in  1886  hy  a  series  of  experiments 
which  had  for  their, object  the  discovery  of  four  things: 
(i)  At  what  distance  from  a  primary  parallel  could  these 
effects  be  detected  on  the  telephone  ?  {2)  How  much  of 
the  effect  was  conductive  ?  (3)  How  much  was  inductive  ? 
(4)  Were  all  bodies  transparent  to  them  ?  On  April  14th 
and  15th,  1886,  fourteen  years  ago,  on  the  Newcastle  Town 
Moor,  I  proved^  with  120  reversals  per  second  and  half  an 
ampere  of  current,  that  it  might  be  both,  or  whichever  you 
pleased— inductive  or  conductive — dependent  upon  whether 
earth -returns  or  insulated  metallic  returns  were  employed, 
also  that  where  earth -ret  urns  were  used  the  earth  could  be 
tapped  by  driving  the  two  ends  of  four  yards  of  wire  with  a 
telephone  in  circuit  into  the  earth.  It  was  also  proved  that, 
with  a  secondary  or  with  a  primary  only  connected  to  earth 
at  one  point,  static  effects  could  be  easily  detected  though 
diminished  in  loudness.  Further,  it  was  proved  that,  if  the 
distance  from  the  primary  was  more  than  the  length  of  the 
primary,  the  effects  diminished  in  loudness  very  rapidly. 

From  this  time  until  August  J5th,  1886,  the  changes 
upon  the  above  experiments  were  rung  in  many  ways^ 
always  extending  the  distances^  ending  in  Morse-speaking 
across  forty  miles  of  country,  between  Shap  and  Gretna  on 
the  west  and  Newcastle  and  Jedburgh  on  the  east,  produced 
by  interrupting  the  vibrations  with  a  Morse  key*  Up  £0  this 
time  the  primary  wires  were  usually  single  wires  put  to  earth 
at  each  end,  and  the  secondaries  insulated  squares  or  rect- 
angles, and  the  difficulty  was  to  get  a  space  large  enough  to 
lay  out  insulated  wires  on  the  surface  without  exciting  the 
hostihty  of  the  tenants  of  the  Northumberland  Moors. 
However,  Mr,  Hugh  Andrews,  of  Swarland  Park,  came  to 
the  rescue  and  placed  his  estate  at  my  disposal. 

Proof  Inductive,  not  Conductive,— Here  it  was,  in 
the  last  week  of  August,  1886,  that  with  two  miles  of  in- 
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sulated  wire  laid  out  as  two  squares  of  quarter-mile  sides, 
and  a  quarter  of  a  mile  apart,  or  half-mile  centres,  that 
articulate  telephonic  talk  was  inductively  held  between  one 
square  and  the  other*  Hearable  with  closed  circuits^  diffi- 
cult to  hear,  but  present,  with  open  circuits.  Of  course,  this 
test  was  with  undulator\^  currents  of  microscopic  value  and 
forms  the  highest  testimony  of  the  extraordinary^  sensitive- 
ness of  the  telephone.  This  was  followed  up  by  telephoni- 
cally  speaking  from  the  workings  of  Broomhill  Colliery  to 
a  triangle  of  insulated  wire,  three-quarters  of  a  mile  each 
side,  laid  roughly  parallel  over  colliery  workings,  the  medium 
for  the  waves  to  travel  being  360  feet  of  the  crust  of  the 
earth.  Of  course,  as  eveiy  one  knows,  with  the  all-impor- 
tant addition  of  Evershed's  call,  this  electro-magnetic  system 
has  been  developed  and  applied  practically  by  Sir  William 
H.  Preece,  and  is  in  use  between  Flatholm  and  Lavernock 
in  the  Bristol  Channel. 

CoHKRER  Wireless  Telegraph Y.--But  in  1897-8^ 
Marconi  hiis,  by  combining  the  labours  of  Branly,  Righi, 
Oliver  Lodge  and  others,  coupled  with  his  own  clever 
insight  into  the  subject,  signalled  over  great  distances, 
truly  without  wires,  for  really  what  wire  lie  does  use  may 
be  considered  as  part  of  his  electro-static  apparatus.  Of 
Marconi  and  his  system,  much  may  be  expected,  and  all 
present  must  rise  in  admiration  of  the  persistency  and  pluck 
of  this  young  Italian  in  experimenting  and  expennienting 
in  every  possible  way  to  achieve  long-distance  speaking  with 
p r ac t i  cal  s u ccess. 

In  connection  with  the  coherer  which  coheres  in  response 
to  an  electric  flash,  it  is  singular  that  Mr.  Augustus  Stroh 
has  observed  something  akin  in  the  adhesion  of  surface 
when  traversed  by  an  electric  current  (see  the  fourfml  of 
fhc  Society  of  Elcdrical  Engineers,  vol  ik*  p,  182) ;  and  it  is 
sad,  tliat  misguided  by  the  savants,  Professor  Hughes,  the 
cruelly-neglected  scientist  did  not  go  further  in  anticipating 
wireless  telegraphy  tlian  was  brought  to  light  last  year. 
It  is  a  pity  that^  like  Cavendish^  he  did  not  publish  his 
researches  at  the  time. 

We  must  now  hurry  forward  to  see  where  we  stand  with 
the  other  great  electrical  industries,  better  known  than 
telegraphs  and  telephones  in  one  sense,  arising  out  of 
their  control  noK  bem^  \WA.t  of  the  State,  or  of  the  mono* 
polist,  but  ever^bodNj'^bu^wL^^. 
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Newcastle  Inventions.  Lord  Armstrong.— Let  ns 
ask  what  is  Newcastle  famous  for  in  original  wtjrk  :  well, 
first  we  have  Lord  Armstrong's  hydro-electrical  frictional 
machine  of  50  to  6p  years  ago,  showing  the  electrification 
produced  by  steam  rushing  through  an  orifice  ;  and  then 
we  Iiave  Lord  Armstrong's  imignuin  opus  of  1H97  on  the 
''Electrical  Movements  in  Air  and  Water/'  Who  in  New- 
castle is  not  justly  proud  of  this  venerable  citizen,  mathema- 
tician, scientist,  engineer,  and  above  all,  one*  who  does  not 
live  for  himself  alone  I  The  giver  of  parks  and  gardens,  and 
the  creator  of  the  greatest  private  arsenal  in  this  and  many 
other  countries. 

Joseph  Wilson  Swan.— Second,  in  the  order  of  date, 
conies  Joseph  Wilson  Swan,  F,R.S.,  of  Newcastle*on-Tyne, 
the  inventor  of  the  Swan  lamp  which  assumed  practical 
form  in  the  autumn  of  1880.  From  the  days  of  King,  in 
1845,  to  the  days  of  Swan,  in  1878-80^  many  tried  their 
hands  at  gettijig  light  from  incandescent  platinum,  or 
carbon  in  vacmh  But  whilst  all  they  did  established  the 
soundness  of  the  principle,  nothing  they  did  l>rought  more 
than  disappointment  from  a  practical  point  of  view.  Mr, 
Swan  himself  laboured  and  experimented  with  the  incan- 
descent lamp  in  the  decade  1850-60  with  tike  result.  He 
used  carbon  strips  in  loops  and  spirals,  carbonised  in  Wal- 
lace's Forth  Banks  pottery  kilns  in  crucibles  tilled  with 
powdered  charcoal,  but  the  available  mechanical  air-pumps 
gave  a  bad  vacuum  for  such  a  purpose.  Yet,  at  this  early 
date,  Mr.  Swan  had  grasped  the  necessities  of  the  case,  a 
cheap  source  of  electricitVi  an  excellent  filament,  and  a  good 
vacuum. 

By  1877-8,  the  dynamo  was  entering  upon  a  vigorous 
life.  Arc  lamps  were  being  introduced  daily,  Jablochkoflf 
the  unrewarded  being  the  first.  In  1864  and  1870  Pacinotti 
and  Gramme  produced  direct  currents  from  ring  armatures^ 
Wilde's  dynamo  of  1866,  and  Wheatstone's  and  Siemens' 
dynamo  self- excitation  of  1867  were  beginning  to  bear  fruit. 
The  telephone  was  invented*  Plante  batteries  were  coming 
to  the  front.  In  1873-6  Crookes  had  shown  how  to  produce 
high  vacua  with  the  Sprengel  pump  in  his  l^eautiful  radio- 
meter* Electricity  was  in  the  air,  sparkling,  and  iridescent 
as  any  sunrise.  In  fact,  hopes  ran  high  and  the  electricians 
of  the  day  felt  how  beautiful  was  the  world  if  only  rightly 
VOL.  xxrx,  61 
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taken,  In  these  stimulating  circumstances  Mr,  S\^^n  re- 
sumed his  researches  in  ineandejsceiit  lightiug,  determined 
to  solve  the  problem  of  tlie  hour,  viz. :  the  sub-division  of 
the  electric  light,  by  the  production  of  a  lamp  for  domestic 
use  that  wouldj  as  it  did,  outrival  Aladdin*s  iamp  in  the 
richq^  it  has  brought  its  exploiters.  Early  in  1879^  Mn 
Swan,  whose  charming  acquaintance  the  telephone  intro- 
duced, brought  some  lamps  to  tlie  historic  Post-Office 
battery  room  for  measurement  of  current  and  resistance, 
when  it  was  at  once  apparent  that  filaments  made  from 
cardboard  parchmenttsed  and  carbonised  were  unsatisfactory^ 
their  resistance  was  low,  the  current  absorbed  was  high,  and 
the  bulbs  quickly  blackened.  At  these  interesting  and 
ne%^er- to-be-forgotten  tests,  Ohm's  law  and  multiple-arc 
were  much  in  e\idence,  all  theory  and  experiments  point- 
ing to  low-resistance  conductors  and  high-resistance  fila- 
ments as  the  solution  of  the  domestic  lighting  problem. 
The  filament  was  the  crux  of  the  problem,  and  as  late  as 
April  3rd,  1880,  after  much  work  in  the  meantime*  taking 
four  lamps  as  samples,  their  cold  resistance  ^as  only  38,  45, 
47,  and  65  ohmsp  and  3 J  amperes  only  made  tiiem  red-hot 
or  a  little  more.  But  on  June  15th,  1880,  Mn  Swan  gave 
me  the  pleasure  of  testing  one  of  1 20  ohms,  and  another  of 
118  ohms  resistance.  This  happier  result  \vzs  brought 
about  l>y  carbonising  crotchet  cotton,  a  true  filament.  (In 
the  meantime,  it  is  interesting  to  note  that  Edison  was  more 
successful  in  his  world-wide  search  for  a  vegetable  fibre  as 
a  filament  than  Diogenes  was  in  his  search  for  an  honest 
man.  But  then  he  did  not  use  candles*)  After  this,  Mr* 
Swan  made  such  progress,  that  by  the  autumn,  Lord  Arm- 
strong's Cragside  House  w;is  installed  wiUi  twenty  lamps; 
and,  on  Novemi>er  24th,  1880,  Mr.  Swan  brilliantly  illumi- 
nated the  auditorium  of  the  Institution  of  Civil  Engine^is, 
in  Great  George  Street,  Westminster,  to  the  dehght  of  a 
distinguished  audience  of  the  members  of  the  Society  of 
Telegraph  Engineers  and  Electricians,  now  the  Institution 
of  Electrical  Engineers. 

Mr,  Swan,  during  these  three  years  of  labour,  u^s  run- 
ning a  neck -and- neck  race  \ntli  Edison  and  Lane  Fox,  eacli 
on  mdcpendent  lines,  none  the  less  honour  to  each  of 
them ;  and,  all  Newcastle  men  are  proud  of  the  distinction 
that  m  their  cit^  oue  oi  \iie  most  valuable  inventions  of  the 
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jctorian  Era  was  conceived  and  developed  to  a  practical 
l&sue  by  Joseph  Wilson  Swan,  Since  then,  at  Bromley, 
in  1884,  Mr*  Swan  invented  the  cellulose,  or  nitro-cellulose 
filament  squirted  into  a  coagulating  medium^  such  as 
alcohol,  without  which  the  high  voltage  copper  saving 
lamps  of  to-day  would  not  be.  This  material  is  also  the 
basis  of  the  artificial  sitk  of  to-day.  It  is  now  produced  in 
a  viscous  form  that  can  be  moulded,  enormously  increasing 
its  use  in  the  arts. 

It  is  worthy  of  remark,  that  Swan  foreshadowed  the 
Faure  pasted  plate  (which  was  brought  in  a  box  to  Lord 
Kelvin  from  Paris  containing  a  million  foot-pounds  of 
energy).  At  his  lecture  before  the  Literary  and  Philo- 
sophical Society  of  Newcastle-on-Tyne,  on  February  2nd, 
1879,  when  exhibiting  a  crude  lamp^  he  spoke  of  the  need 
for  storage  and  showed  a  modification  of  the  Plantc  cell,  in 
which  there  was  the  novel  feature  of  spongy  lead  having 
been  deposited  around  the  frillings  of  the  peroxide  element 
previous  to  oxidation  to  form  what  is  now  called  the  posi- 
tive element. 

Sunbeam  Lamp. — Swan's  domestic  lamp  suggested  a 
large  incandescent  lamp  as  a  rival  to  the  arc,  and  early  in 
1887  Mr,  T.  \V,  Edmondson,  a  disciple  of  Mr.  Swan's, 
succeeded  in  makiag  the  Sunbeam  lamp,  of  from  100  to 
500,  or  even  up  to  2^000  candle  power;  which,  as  a  sur- 
vival of  the  fittest,  has  managed  more  than  to  hold  its  own 
\vith  its  rivals.  It  is  deserving  of  honourable  mention  as  a 
Tyneside  development^  and,  as  in  other  lamps,  the  filament 
was  the  crux  of  the  problem. 

But  to  the  Hon.  Chas.  F.  Parsons  the  district  has  earned 
distinction  by  his  invention  in  1876- 1884  of  the  Turbo 
generator  (a  far  more  original  work  than  the  last-named). 
For  the  horse-power  developed,  it  is  perhaps  the  lightest 
machine  in  existence,  occupying  little  space,  perfectly  e!aslic, 
dancing  in  its  bearings,  and  said  to  cost  little  to  maintain 
mechanically-  It  is  idle  for  me  to  atlempt  to  describe  this 
and  so  to  do  what  is  done  so  much  better  by  its  inventor 
whom  I  shall  now  ask  permission  to  quote  ;  *'The  first  con- 
densing turbine  of  the  radial  flow  type  was  of  200  horse- 
power and  at  a  speed  of  4,800  revolutions  per  minute,  drove 
an  alternator  of  150  kw.  output*  It  was  tested  by  Professor 
Ewing,  and  the  general  result  of  the  trials  was  to  dctt^si^^- 
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strate  that  the  condensing  steam  turbine  was  an  accept  ion- 
ally  economical  heat  engine.  With  a  steam  pressure  of  loo 
lbs*,  the  steam  being  nioderately  superheated,  ajid  a  vacuum 
of  28  inches  of  mercury,  the  consumption  was  27  lbs.  per 
kilowatt  hour,  which  is  equivalent  to  about  16  lbs.  of  steam 
per  indicated  horse-power.  This  result  marked  an  era  tn 
the  development  of  the  sleam  turbine  and  opened  fur  it  a 
wide  field,  inchiding  some  of  the  chief  applications  of 
motive  power  from  steam.  At  this  period  (1892)  turbine 
alternators  of  the  condensin|^  type  were  placed  in  the  New- 
castle, Cambridge,  and  Scarborough  Electric  Supply  Com* 
pany*s  stations,  and  soon  afterwards  several  600  horse-power 
of  the  non-condensing  parallel-flow  type  were  set  to  work 
in  the  Metropolitan  Cumpany's  stations,  where  the  compara- 
tive absence  of  vibration  vv;ts  an  important  factor.  Turbine 
alternators  nnd  turbine  dynamos  of  2,500  horse-power  are 
now  in  course  of  construction  in  England  and  the  United 
States  and  lat^ger  sizes  are  in  prospect, 

"A  turbo  alternator  mainifactured  at  Heaton  Works, 
Newcastle-on-Tyue,  for  the  Corponitlon  of  Elberfield  in 
Germany,  wai>  tested  a  few  days  ago  by  a  committee  of 
experts  from  Germany,  Professor  Ewing  also  being  present, 
with  the  following  remarkable  results  :^ — At  the  full  load  of 
i,aoo  kilowatts^  and  with  a  steam  pressure  of  130  lbs.  at  the 
engine,  and  10^  C.  of  superheat,  the  engine  driving  its  own 
air-pumps,  the  consumption  of  steam  was  found  to  be  at 
the  rate  of  18^8  Ibs»  per  kilowatt  hour.  To  compare  this 
figure  with  those  obtained  with  ordinary  piston  engines  of 
the  highest  record  with  which  1  am  acquainted  of  the  ratio 
of  electrical  output  to  the  power  indicated  m  the  steam 
engine,  namely,  85  per  cent,^  the  figure  of  18-8  lbs,  per 
kilowatt  in  the  turbine  plant  is  equivalent  to  a  consumption 
of  11*9  lbs.  per  indicated  horyc-power^  a  result  surpassing 
the  records  of  the  best  steam  engines  in  the  production  of 
electricity  from  steam." 

The  remarkable  feature  of  the  modern  turbo-generator  is 
its  utilisation  of  the  expansive  force  of  steam  in  a  series  of 
steps  by  which  its  initial  velocity  of  2,462  feet  per  second 
is  reduced  to  a  final  velocity  of  405  feet  per  second  or 
one-sixth*  Take  a  waterfall,  it  is  theoretically  possible 
to  utilise  the  head  without  loss.  Well,  similarly,  the  fall 
could   be   used   in   a  series  of  steps,  the  water  losing  ils 
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potential  energy  witli  each  step*  So  it  is  with  the  turbo- 
generators. Take  steam  at  a  given  pressure,  with  a  corres- 
ponding velocity,  proi'ide,  as  in  the  turbo-generator,  a  series 
of  steel-guide  blades,  and  a  corresponding  series  of  interposed 
blades  for  the  steam  to  impinge  upon,  the  diminution  of 
pressure  with  each  step  lieing  probably  but  half  a  pound, 
the  resultant  circumferential  velocity  is  one  that  is  easily 
dealt  with  in  practiccp  say  2,400  revolutions  per  minute 
which  allows  direct  coupling.  On  the  other  hand,  if  all  the 
energy  is  absorbed  in  one  wheel,  the  resultant  circum- 
ferential velocity  gets  beyond  practical  control.  In  the  laval 
turbine,  its  30,000  revolutions  per  minute  must  be  reduced 
by  gearing  when  practically  applied,  this  hmits  security  from 
break  down  to  machines  within  and  up  to  100  H.P-;  beyond 
that,  disaster  follows*  In  the  Parsons  turbo-generator,  the 
centre  of  gravity  of  the  moving  mass  coincides  with 
the  centre  of  the  figure,  or  the  geometrical  centre  of  gravity 
on  account  of  the  provision  made  for  lateral  displacement. 

Electric  LioHTiNCL^At  the  present  time,  ten  large 
towns  in  this  district,  including  Newcastle,  Gateshead, 
Sunderland,  S<juth  Shields,  Tynemouth,  Wallsend,  Middles- 
borough,  Stockton,  Darlington,  and  West  Hartlepool,  have 
either  electric  power-houses  in  active  operation,  or  in  course 
of  rapid  construction.  But  I  cannot  slop  to  say  much  of 
them  except  the  pioneer  ones  of  Newcastle-on-Tyne.  In 
this  city  we  have  two  services^  that  of  the  Newcastle 
and  District  Electric  Lighting  Company,  projected  by  the 
Hon.  C,  A.  Parsons,  late  in  1888,  and  that  of  the 
Newcastle-on-Tyne  Electric  Supply  Company,  projected  by 
Dr.  Robert  Spence  Watson  in  188 1,  but  not  brought  to  a 
practical  issue  until   1888. 

Taking  the  Parsons*  Company  first*  The  original  turbo- 
generators arc  employed  at  a  speed  of  4,800  revolutions,  the 
later  machines  only  at  2,400  revolutions  with  a  pressure  of 
1^050  volts,  and  a  frequency  of  80  periods.  Last  year  the 
Company  generated  j, 571,650  units,  and  sold  963,622  units, 
and  the  peak  reached  756  amperes  upon  an  installation  of 
1,490,130  watts,  the  number  of  consumers  being  ^bout  400, 

The  Newcastleon-Tyne  Electric  Supply  Company's 
plant  is  the  very  antithesis  of  that  of  its  companion 
Company,  the  ^'District "  where,  as  described,  it  is  light, 
having  velocity  and   elasticity   in   lieu   of  momentum   or 
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inertia  of  mass.  That  of  the  *'  Supply  "  is  slow-moving  and 
heavy.  Horizontal  compound  long-stroke  Corliss  engines 
of  yo  to  80  revolutions,  and  Mordey  dynamos  up  to  150 
kilowatts  each.  The  engines^,  which  are  of  Robey  and 
Company's  well*known  make,  and  fitted  with  their  trip 
expansion  gear,  have  performed  admirably^  as  it  will  be 
acknowledged  by  all  present,  when  1  state  the  following  facts. 
That  during  the  eleven  years  working,  no  main  bearing  cap 
on  any  engine  has  been  lifted,  and  no  new  part  ha^^  been 
supplied^  excepting  piston  rings,  and  all  the  engines  are  now 
in  first-rate  working  condition.  The  steam  consumption 
may  be  said  to  average  16  lbs.,  with  the  low  vacuum  of 
under  20  inches.  The  larger  units,  of  course^  giving  the 
best  results*  Similarly,  the  Mordey  Uniphase  dynamos, 
2,100  volts,  have  been  equally  successfuL  They  are  nearly 
self  regulating,  the  larger  units  being  the  most  satisfactory. 
As  IS  well  known,  they  are  remarkably  efficient,  having  tlie 
characteristic  of  steadiness  under  all  loads*  In  1899,  tlie 
Company  generated  1,517,311  units  for  the  supply  of  an 
installation  of  1,924,680  watts,  reaching  a  peak  of  416 
amperes  upon  a  sale  of  990,551  units,  the  number  of 
consumers  being  nearly  1,000. 

Both  Companies  use  rubber  cables,  the  **  District  *' 
Company  using  a  complete  net  work  of  high-tension  snigle 
cables  in  iron  pipes,  and  the  "Supply*'  Company  a  net 
work  of  concentric  cables  in  iron  pipes.  Rubber  insulated 
cables,  if  not  starved,  and  treated  properly,  either  wholly 
concentric,  or  wholly  single  pairs  in  a  uniform  atmosphere 
and  a  uniform  mechanically  protective  environment  give 
little  trouble.  Both  Companies  have  cable  ten  years  old 
still  doing  excellent  service.  Both  Companies  are  developing 
direct  low-tension  services  in  congested  places.  Dr.  Watson's 
Company  has  two  accumulator  substations,  one  in  operation, 
another  on  the  eve  of  practical  employment.  They  are 
experimental  If  successful,  both  technically  and  com- 
mercially they  will  mark  an  important  step.  Accumulators 
may  be  charged  when  there  is  no  other  use  for  the 
machinery,  and  employed  to  take  the  peak  off,  and,  above 
all,  during  use,  the  possible  troubles  from  running  machinet)' 
are  absent.  The  transformation  losses  are  roughly  com- 
parable with  the  transformation  losses  in  central  distributing 
power-house  schemes. 
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General  Remarks  on  Electric  Lighting.— Though 
so  divergent  in  system  the  commercial  success  of  both 
Companies  is  nearly  the  same.  What  is  the  public  t(j  think 
who  do  not  look  below  the  surface  when  they  observe, 
however  wide  the  variations  in  the  electrical  means  to  an 
end^  the  results  are  apparently  th^  same.  Like  Max  O^Rell^ 
when  speaking  of  nations^  we  must  not  at  present  say  that 
one  system  of  electric  hghting  is  better  than  another,  but 
that  they  are  different.  Clearly,  a  variety  of  conditions 
demands  a  variety  of  applications,  nevertheless,  it  is  only 
a  question  of  time  ;  the  fittest  will  survive  eventually  and 
standard  methods  will  crystal ise.  It  was  said  of  fascinating 
Cleopatra,  "  Age  cannot  wither  her,  nor  custom  stale  her 
infinite  variety/'  So  it  is  with  fascinating  Electricity  with  a 
difference.  Disaster  does  not  follow  her  lovers— the  British 
pubHc  pay  the  bilL 

Nowadays,  when  electric  supply  is  an  assured  success, 
every  one  can  go  to  work  with  confidence,  if  only  over- 
capitalisation is  avoided.  This  is  in  the  first  degree  the 
active  danger  of  municipal  undertakings  governed  by  com- 
mittees, all  experts,  of  course.  The  need  for  dividends  acts 
as  the  check  in  company  undertakings,  it  tends  to  ensure 
both  economy  in  capital,  in  production,  and  in  maintenance. 
Production  to  serve  a  wide  area  of  many  needs  assures 
continuity  of  load.  This  assures  economy  of  production. 
An  average  of  less  than  two  hours  daily  use  of  all  the 
machinery  in  established  pioneer  stations  brings  8  per  cent, 
dividend*  But  suppose  we  build  anew  on  the  experience 
gained.  Cease  to  put  down  what  now  may  be  considered 
toy  machines  all  in  a  row  ;  and  tobacco-pipe  chimneys, 
jealously  watched  by  vigilant  smoke  inspectors  catching  the 
specks  upon  sheets  of  white  blotting  paper.  Emulate  the 
courage  of  the  Americans,  the  Swiss,  and  the  Continent 
generally.  Do  not  adopt  expediency,  either  as  to  site  or 
anything  else.  Then  that  peace  of  mind  which  belongs 
to  solid  far-seeing  work  overtakes  the  engineer  and  his 
friend  the  capitalist-  They  may  smoke  the  pipe  of  peace 
with  the  imperturbability  of  a  Turk  and  wait.  It  must 
come^  every  house  will  eventually  have  its  electric  light,  as 
it  will  have  its  telephone.  Purity ^  steadiness,  and  convenience 
save  its  extra  nominal  cost  over  other  illuminants  now,  and 
continuous  production  will  reduce  gas  companies*  dividends 
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from  lighting  alone  to  something  exceedingly  small  by  and 
by<  Hence  the  future  of  the  electrical  engineer  augurs 
happily.  He,  the  maker  ol  this  good  thing,  who  only  the 
other  day,  and  alas  even  now,  is  so  lowly  rewarded  for  his 
labours^  as  not  to  be  lauded  by  his  neighbours. 

On  the  distribution  side  of  the  question  there  is  a 
danger.  A  large  central  power-house^  if  there  is  to  be 
economy,  means  high-pressure  alternate-current  transmission 
of,  say,  50  periods  uniphasej  if  it  will  do  (by  no  means 
improbable  in  the  near  future),  and  more  phases  if  it  will 
not,  to  as  near  the  point  of  consumption  as  possible,  large 
low-tension  services  arc  to  be  deprecated,  especially  where 
coal  is  cheap.  The  fewer  the  transformations  the  better, 
and  preferably  of  the  static,  than  of  the  dynamic  order.  In 
other  words,  do  not  have  moving  parts  demanding  human 
watchfulness^  except  where  it  is  imperative,  as  for  straight 
currents  for  electro-chemical  work*  Alternating  currents 
needing  no  brushes  will  do  all  the  rest.  This  may  be  rank 
wickedness  to  some  tnide  interests,  but  it  is  the  goaU 
Simplicity  is  what  is  wanted,  not  complication.  There  must 
be  a  point  where  the  cost  of  long-distance  transmission  over- 
takes the  economy  of  centralised  production.  That  point 
has  to  be  determined*  Our  grandmother,  the  Board  of 
Trade,  will  have  something  to  say  about  that.  We  are  not 
as  free  as  the  unnds  as  in  Switzerland,  where  a  dab  of  red 
paint  on  an  insulator  on  a  pole  supporting  multitudinous 
services,  marks  sudden  death  if  disregarded,  locating  as  it 
does,  the  extra-high -pressure  service^  and  where  magistrates 
rightly  treat  the  idle  breaking  of  an  insulator  as  a  crime, 
thus  acting  for  the  public  interest  as  the  British  Post-office 
does  when  a  penny  letter  is  stolen*  But  the  *' great  unpaid** 
treat  insulator-breaking  as  a  pastime:  "Oh,  you  playful 
boy,  don't  do  it  again,"  or  a  nominal  fine,  is  all  that 
happens. 

Motive-power  by  electrical  agency  is  as  convenient  as 
going  to  the  poulterer  for  your  ducks,  instead  of  keeping 
your  own  duck-pond.  It  is  this  principle  that  ntakes  for 
success  with  power  work.  Nothing  can  stop  it.  What  so 
cleanly,  so  simple,  as  getting  all  that  is  needed  by  turning 
on  a  tap.  No  space  is  occupied  for  installing  a  steam  plant, 
no  capital  locked  up  in  its  purchase,  and  no  standing 
charges  for  \ts  w\L\\uieu^iL\ee*    There   is   no   waste   during 
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holidays  or  strikes,  and  one  care  the  less  is  borne  by  the 
user.  This  is  the  age  of  specialists^  another  name  for 
the  division  of  labour,  without  them  the  work  of  the  world 
would  not  go  on.  Scatteration  of  effort  is  dissipation  of 
energy*  The  user  with  the  specialist  at  his  elbow  is  relieved 
mentally,  thus  brain-power  is  released  for  concentration  on 
his  own  speciality.  What  stands  in  the  way  is  the  loss  at 
parting  with  a  still  useful  old  friend  in  favour  of  the  new, 
It  is  the  house-wiring  question  over  again.  Credit  wiring, 
in  the  latter  case  at  an  enhanced  cost  in  current  to  the  user, 
until  the  capital  is  recouped  is  one  solution.  Similarly  the 
development  of  good  motors  has  reached  that  stage,  that 
their  hire  and  subsequent  purchase  will  accelerate  their 
adoption  and  eventual  universal  use.  To  produce  confidence 
all  that  is  needed  is  wise  selection  and  judicious  applica- 
tion. 

Electric  Traction. — Of  electric  traction  one  can  speak 
as  eulogistically  as  of  the  bicycle.  It  is  the  cheapest, 
pleasantest,  and  most  liealthy  in  its  effects  of  all  road 
locomotion.  No  loss  of  time  at  terminals,  a  travelling 
station  that  passes  one's  door.  One  halfpenny  per  mile  in 
general,  and  one  farthing  for  workmen's  cars.  Happily  now* 
it  is  booming  in  this  country,  and  one  sighs  with  relief  that 
at  last  our  conservatism  has  been  broken  down,  and  we 
shall  soon  be  as  our  colonies  and  other  civilised  nations  are. 
Only  build  strongly^  make  a  good  sightly  workman-like 
structure,  looking  as  if  it  fitted  its  purpose— then  the  cry  of 
the  aesthetic  will  cease  and  the  cloud  of  the  benighted 
disappear. 

I  would  like  to  express  my  unqualified  condemnation  of 
the  extremely  shortsighted  policy  of  not  starting  with  a 
double  track  right  away  in  the  busy  towns  of  this  district. 
It  is  only  excusable  where  there  is  lack  of  width ,  and  that  is 
rare.  The  imperturbability  of  the  Turk  will  not  overtake 
the  exploiters  or  running  engineers  of  that  class  of  work. 
If  they  think  so,  as  remarked  in  effect  by  the  Times  when 
prompted  by  Lord  Salisbury's  criticism  of  Treasury  control 
of  the  War  Office,  they  must  be  possessed  of  that  incurable 
self-complacency  that  overtakes  the  public  services  of  Great 
Britain. 

Another  word  and  this  retrospect  is  done.  The  result  of 
a  circular  I  sent  out  to  ascertain  the  number  of  persons 
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employed    on    electrical   work  in    this   district  gives   the 
following  approximate  figures  : — 


Telegraphs  and  Telephones     ... 

...     3,900 

Electric  Supply  Co.'s     

335 

Manufacturers 

...     2^00 

Installers 

219 

Sundry  Employment     

146 

Total         

...     7,000 

I 


ORIGINAL   COMMUNICATIONS. 

NOTE    ON    AIR-GAP    AND    INTEKPOLAR        ^^ 
INDUCTION, 

By  F,  W,  Carter,  M.A*i  Assiueiate. 

The  publication  of  Messrs,  H;iwktns  and  Wightman's 
recent  dissertation  on  the  **  Air-gap  Induction  in  Continuous 
Current  Dynanios"*  induces  me  to  present  to  the  Institution 
the  following  note  on  the  subject  of  the  fringe  of  lines  near 
the  edge  of  a  pole -piece.  It  need  hardly  be  pointed  out  in 
this  place  that  the  exact  solution  of  tht*  magnetic  probkm 
presented  by  a  dynamo  is  impossible  without  an  almost 
inconceivable  addition  to  our  pre*^ent  mathematical  know-^^____ 
ledge.  Hence  we  are  driven  to  making  various  assumptions 
about  the  shape  of  the  hnes  of  force  in  order  to  obtain  a 
more  or  Wss  approximate  estimate  of  the  strength  of  the 
field  at  the  armature  surface.  Such  assumptions  often  lead 
to  sufBeiently  accurate  resuUs  over  Hmited  regions,  but  are 
liable  to  break  down  where  a  solution  is  most  wanted* 
Thus  it  is  practically  correct  to  assume  that  the  lines  of 
force  pass  straight  across  the  air-gap,  and  that  they  form 
arcs  of  circles  outside  the  air-gap — so  ioftg  as  ur  are  not  mar 
the  edge  of  the  pole-pkcCt  but  the  solution  fails  in  the  imme- 
diate neighbourhood  of  that  edge.  Messrs.  Hawkins  and 
Wighlman's  process  of  rounding  the  corner  of  the  curve 
at  discretion »  can  hardly  be  regarded  as  satisfactory. 

In  the  following  1  propose  to  give  the  exact  solution  of 
some  comparatively  simple,  though  idc;d,  problems  con- 
cerning the  field  of  force  near  the  edge  of  a  pole-piece^  in 
order  lu  provide  a  criterion  whereby  to  judge  of  the  merits 
of  the  various  approximate  formula^  used  in  this  connection, 
to  mdicate  the  order  of  accuracy  that  may  be  expected 
from  the  use  of  these  formula^j  and  to  furnish  a  plausible 
means  of  correcting  the  results  which  they  lead  to, 

The  first  problem  to  be  discussed  is  the  two-dimensional 
one  of  the  lines  of  force  from  the  pole-piece  to  the  armature 
shuwn  in  Fig.  f,  when  the  pole-piece  is  siUpposed  to  be  at 
one  magnetic  potential,  and  the  armature  at  another. 

*  See  thi*  Votmnc,  p.  436*  »cq,  *  S«c  tlii*  Volume,  p-  -^^^^^ 
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As  the  theory  of  conjugate  functions  is  somewhat  out  of 
the  province  of  the  electrical  engineer,  I  shall  content  my- 
self with  giving  only  so  much  of  the  mathematics  as  will 
enable  those  interested  in  such  subjects  to  verify  my  results. 


^ 


1 


E^ 


Fig.  I.— The  Plane  of  .v  v. 

Briefly  then,  we  seek  a  potential  function,  0,  which  reduces 
to  the  constant  value  0o  at  the  pole-piece,  and  to  zero  at  the 
armature.  Since  the  flux  depends  only  on  difference  of 
potential,  there  is  no  loss  of  generality  in  assuming  the 
potential  at  the  armature  surface  to  be  zero. 
Now  the  transformation — 


21, 

and  /J  is  the 


^  _  2^  (  ^/a^  -~^2  fa  +  v/rt"^  -T^N 

^""tTI         a  '"  -^i^\   -     ^^        ) 

(where  ^  =  .v  +  /  v,  j;  =  g  +  /  n,  ^  =  V  — ~1 

length  of  the  air-gap,) 

converts  the  quadrant  r\ot  shown  in  Fig.  2,  into  the  region 

we  require,    bounded  by    the  pole-piece  and  armature  of 

Fig.  I, — making  O  A  into  the  pole  face  P  E,  A  ^  into  the  side 


X ** o 

Fig.  2.— The  Plane  of  lr\. 


E  V  of  the  pole,  and  o  t]  into  the  armature  face  .r  .v.  For  on 
O  A,  ^  is  real,  negative,  and  numerically  less  than  a  ;  thus 
Z  =  a  negative  real  part  4-  /^.  /.t'.,  v  =/J  and  .r  is  negative — 
correspondmgto  P  E ;  on  A  £,  2:  is  a  pure  imaginary,  between 
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igandoc^  i.CfX  =  0  3.ndy  >  g, — corresponding  to  E^^;  on  o  ?j, 
^  is  a  pure  imaginary  =  i  n,  and  z  is  real,  varying  from  —  oc 
to  oc.  Now  if  0  4-  I  ^  be  such  a  function  of  Z,  that  0  is  equal 
to  0o  along  o  tf  and  to  zero  along  o  n,  then  this  function 
transformed  into  .vv  co-ordinates  by  means  of  the  above 
relation,  will  give  us  the  sought-for  equipotential  surfaces 
(0  =  constant)  and  lines  of  force  (\p  =  constant). 

The  function  having  the  above  properties  is  given  by 


where  e  is  the  base  of  the  natural  logarithms,  (=2718  .  .). 


Thus  putting  a  =  e^  ^^,  we  get 


) 


We  cannot  express  <f>  and  ;//  expHcitly  in  terms  of  x  and  >', 
but  we  can  nevertheless  trace  the  equipotential  lines,  ^  = 
constant,  and  lines  of  force,  \p  =  constant,  from  the  above. 
We  are,  however,  only  concerned  with  the  strength  of  the 
field  at   the   armature  surface,   that  is,  with  the  value  of 

-o.^,  or  of  sr-»  when  y  is  zero. 
P"*!*  ^  =  «>  we  get 

'-  "'•^^ 

-log  [c^    (.^     ^»       +  ^  c       ^°      +1  jj+'j} 


=  n'jyi  +  ,-^^_,og(/  +  yi+.^^")| 
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TABLE  L 


X 

3 

li" 

1 

0-75 

0^5 

oas 

0 

-'35 

-er5 

-75 

-1 

-CS 

-3 

-3* 

-3 

'K 

-171 

-roe 

^4J 

-'tis 

-C64 

0131 

ojja 

0SH3 

0S61 

1.501 

j6j 

t78 

4«S 

77' 

117 

F/Fo 

0 

laS 

144 

0-855' 

0791 

0-705 

fffli7 

IT37 

051H 
ail 

139 

ass 

0-136 
319 

ffoSa 

0-05 

f^ 

(dotted),  obtained  in  the  usual  manner,  *>.,  by  assum- 
ing that,  when  x  is  negative,  the  force  ^  and,  when 
X  is  positive       ^-^ ,    A  comparison  of  the  curves  shows 

Y  +  ^ 

that  the  latter  assumption  makes  the  force  too  great 
at  the  edge  of  the  pole-piece,  and  too  small  at  a  little 
distance  outside  the  edge,  Messrs.  Hawkins  and  Wight- 
man's  process  of  rounding  the  corner  of  the  curve,  besides 
being  arbitrary,  places  the  distance  to  which  the  rounding 
is  to  extend  on  a  false  basis,  in  expressing  it  as  a  fraction 
of  the  pole  angle — ^of  which  it  is  quite  independent.  The 
distance  in  que*ition  should  be  expressed  as  a  fraction  of 
the  length  of  the  air-gap,  and  this  fraction  may  be  practi- 
cally taken  as  unity,  for  Fig,  3  shows  that  at  this  distance 
under  the  pole  the  force  has  reached  99  per  cent,  of  its 
greatest  value. 

Although,  as  above  stated,  the  exact  solution,  in  an 
actual  case,  is  impossible,  we  may  use  the  cur\^e  in  Fig.  3 
to  correct  the  results  of  an  approximate  calculation,  and  so 
obtain  results  that  are  probably  not  greatly  in  error,  in  the 
following  manner-  Calculate  the  force  in  the  usual  way, 
!>,,  assume  it  constant  under  the  pole,  and  inversely  as 
tx-\-g  outside  the  pole^  then  multiply  the  results  so 
obtained  for  any  point  by  the  ratio  of  the  ordinate  of  the 
exact  to  that  of  the  approximate  curve  in  Fig,  3,  at  that 
point ;  or  calling  this  ratio  m,  the  force  under  the  pole  is 

proportional  to  ^,  and  outside  the  pole  to  ^  •    A  table 

^    ^  g'  /  5^  +  ^  . 

of  the  values  of  m  at  different  distances  (x)  from  the  pole 
tip  is  given  below.     (Table  11.) 
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TABLE   II. 


t  .■/     -I    .-0  75;  -0-5    -c-25     o 
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0-25  0-5 
104114 


075!   I     1-5 
r2c  ri2.  1-21 


rioiriS 

I        I 


■    ;       I       I       I 

4        6    1    S    j   10      12 
ii<»  1-13  ro<^iic5  Iroi 


In  Fig.  3  is  also  shown  the  curve  of  tot«iI  flux,  to  such  a 
scale  that  the  difference  of  ordinates  at  any  two  points  gives 
the  number  of  spaces  equal  to  the  air-gap  that  would  be 
filled  by  the  lines  if  they  were  concentrated  to  their  maximum 
density.  Thus  the  total  flux  from  x=  -  1-71^^  to  x=  8^^ 
would  fill  3*54^^  with  lines  at  maximum  density,  and  if  the 
lines  had  their  maximum  density  throughout,  the  pole-piece 
would  have  to  be  widened  by  (3*54  —  171)  =  1*83  times 
the  length  of  the  air-gap.  From  this  we  get  the  permeance 
of  the  air-gap.  This,  however,  neglects  the  effect  of  the 
adjacent  pole,  which  causes  the  force  to  diminish  to  zero 
at  the  middle  of  the  interpolar  space.     We  might  approxi- 


r  — 


../,... 


Fig.  4.— The  Plane  of  $ »/. 


mately  take  this  into  account  by  drawing  the  curves  for 
the  two  poles,  and  adding  their  ordinates  algebraically. 
This,  however,  is  not  a  true  solution  of  the  problem 
presented  by  the  two  poles,  and  it  would  be  well  to  examine 
how  nearly  it  can  be  relied  upon.  As  a  matter  of  fact,  it 
is  possible  to  get  an  exact  solution  of  tlie  magnetic  problem 
presented  by  two  unlike  rectangular  poles  and  a  straight 
armature,  as  follows  : — 
The  transformation 

.  =  Jiog  [k-^^-^jjt^^i] 

I  r    2al)    ^  a  -  in 
La  -h  bK""  a  -h  bj 


c    '     — 


—      sm 

TT 


'A 


(where  c  is  a  half  of  the  distance  between  the  poles 

and  the  other  letters  are  as  before), 
converts   the  half-plane,   ^  '•^to    the    region,  Fig.  5, 
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bounded  by  a  pole-piece,  armature,  and  the  median  line 
between  the  pole  pieces,  making  the  range  of  points 
I A  O  B  S  in  Fig.  4  into  those  so  marked  in  Fig.  5.  If  now 
we  find  a  potential  function  which  reduces  to  ^o  on  the 
pole-piece,  and  to  zero  on  the  armature  and  median  line, 
we  shall  have  solved  the  problem  in  hand.  Such  a  function 
is  given  by 

.  0  4-  <  ^ 


tfT  ' 


Substituting  for  Z  as  before,  and  putting  ^ 


=  O,  TT     -  = 


=  x 


we  iiet 


.0 
•0 


Fk;.  5.— The  Plane  of  x  y. 


e  4- 4-  V   ^  4-  a){e 


I  c    •     —  l/2^3f  6     X      a  —  6\ 

/      —-sin  e     — r 

(  T  Ka-hO  a  +  bj 


-)] 


HI 


IV 


4-  a' 

The  origin  in  Fig.  5  is  not  yet  determined.     If  we  choose 
^3f  and  6  so  that 


a  +  b  =  2  e 


TT  C 
2  g 


w  c 


"2    / 


i.e.  (smce  ,  =  —  ]t^  =' ^ 

^  b      g^J  c«4-^  c^+g^ 

we  shall  make  x  =  0  3,t  the  edge  of  the  pole-piece. 

Fig.  6  shows  the  relation  between  F  and  x  obtained 
from  these  formulae  (iii    and  iv),  in  three   cases,  viz.,  for 
c  SB  2*5^,  c  9B  ^gf  and  c  =  ©c,  the  latter  being  the  same  curve 
yox..  zxix.  62 
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as  in  Fig.  3.  It  will  be  seen  that  the  second  pole-piece  has 
pnictically  no  effect  at  point  under  the  first,  thus  showing 
that  the  process  of  superposing  the  effects  of  two  such 
isolated  poles  as  shown  in  P'ig.  3  would  lead  to  results  far 
from  the  truth  ;  in  fact,  the  closeness  of  the  curves  at  their 
upper  bend  is  their  most  noticeable  feature.  The  curves 
for  any  other  particular  value  of  the  ratio  c/g  can  easily  be 
traced  from  the  above  formuhe,  though,  if  the  curve  c  =  oc 
be  trace<:l  from  Table  I.,  the  deviation  therefrom  might 
almost  be  drawn  freehand  with  sufficient  accuracv,  after  an 


^€)f 


Fk;.  o. 


examination  of   Fig.  o. 
cuts  the  armature  is  : 


The  slope  of   the  curve  where  it 


Fo   dx 


1 
-h  1 


The  permeance  of  the  air-gap  can  now  be  ".obtained  exactlv. 
If  we  determine  the  total  tiux.  up  to  r  =  c,  ;.t.,  to  haif-w-av 
between  the  poles,  and  find  what  width  we  must  .idd  to  the 
pole  face  to  give  the  total  dux  this  value,  >upposin;j  the 
force  to  ha\*e  its  maximum  \-alue  Fo»  throughout  the  re'.^or 
underneath  this  mcreased  pole,  and  to  be  zero  elsewhere, 
then,  expnssing  thL*=  in  the  usual  manner.  ;^-^  as*  :• 
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fraction  (X)  of  the  length  of  the  air-gap,  we  shall  find  that  X 
is  not  a  constant,  as  usually  assumed,  but  is  given  by 

X  =  „,.,ogji,l.i)).l(i,.„-'^-> 

where  the  logarithm  is  a  common  one,  and  the  angle  is 
expressed  in  degrees. 

Table  II L  gives  the  value  of  X  for  the  different  values 
of  c/g  within  the  possible  limits  in  this  subject. 


TABLE  IIL 

c.'g 

1 

i"5 

3 

35 

4 

4S 

S 

e 

7 

8 

9 

IQ 

II 

J« 

X 

0«g 

(TTQ 

0^ 

OV9 

t^ 

1*5 

i-Ji 

1^3 

I'<2 

rsi 

rs* 

v^S 

170 

The  value  of  these  calculations  is  well  seen  by  com- 
paring the  \^lues  of  X  in  the  above  with  those  given  by  the 
usually  assumed  methods.  Thus  Messrs.  Hawkins  and 
Wightman  obtain  X  =  176  for  cjg  =  ^,^  whilst  the  more 
nearly  correct  calculation  gives  the  much  smaller  value 
X  =  1*07;  in  fact,  formulae  based  on  simple  but  WTong 
assumptions  are  dangerous  things  to  use,  and  can  rarely 
be  relied  on  to  give  more  than  the  order  of  the  sought-for 
results. 

1  by  no  means  recommend  that  one  should  go  to  the 
trouble  of  using  these  somewhat  difficult  formula*  in  average 
practical  cases>  for  they  of  course  only  apply  strictly  to  the 
ideal  cases  considered,  but  submit  that  the  reasons  given  at 
the  beginning  of  this  article  are  sufficient  justification  for 
placing  on  record  the  solution  of  a  problem  which  more 
nearly  resembles  the  actual  problem  of  the  fringe  of  lines 
in  the  interpolar  space  than  any  which  has,  as  far  as  I  am 
aware,  been  exactly  worked  out. 


THE    RELUCTANCE    OF    THE    TEETH    IN    A 
SLOTTED     ARMATURE. 

By  W.  B.  HiKD,  B.A.,  Member. 

In  predetermining  the  characteristic  of  a  dynamo  with 
slotted  armature  the  calculation  of  the  ampere-turns  required 

'  Page  449. 
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to  pass  a  given  number  oi  'Li^e^  through  the  ta^th  b  a  matter 
of  s*3iiie  difficulty. 

A  considerAble  err-r-r  in  thi>  qmrnry  i-.  h-?wcver.  u>iLalIy 
only  a  small  pcrcenta;5:e  ..-n  the  total  ampere-rams  required 
for  the  whole  machir.e.  and.  moreover,  m^r-st  oi  the  usual 
methi>i5  err  on  the  safe  side  by  C-vir!§  too  hi^h  a  value  tor 
the  ampere-turns  required. 

If.  h-''.vrvcr.  the  same  mcth«xi>  arc  ased  to  calculate  the 
ettccc  of  the  teeth  re'iictance  on  the  cross  tield,  and  thus  to 
obtain  a  value  f  jr  the  re:^IduaI  Geld  under  the  weakened 
ma;;net  tip.  the  errors  beci?me  oi  :mpi?rtance  in  the  tinal 
result,  and.  mi.^rei^ver.  they  are  n^:-\v  r.ot  on.  the  safe  side*  but 
lead  to  a  \"alue  oi  residual  deld  larger  than  the  correct  one. 
The  following  meth»Dd,  while  on!y  an  appr'.^ximation.  is  not 
too  cumbers<3me  for  practical  use  :  it  gives  results  which  are 
more  nearly  correct  than  those  obtained  by  calculating  the 
value  oi  H  at  oniy  a  few  sections  of  the  teeth  and  taking  the 
mean,  and  it  is  less  tedious  than  taking  values  at  a  Large 
number  oi  such  sections. 

From  the     H  B)  curve  of  the  iron  used  plot  a  second 

fB, 

curve  with   B  as  ordinates   and  I      H.  JB  as  abscissae,  an v 

-  Da 

convenient  \-aIue  being  taken  for  B^.  Then  in  any  given 
case  calculate  the  induction  (say  Bxi  at  the  top  of  the  tooth 
and  B>  at  the  bottom,  on  the  assumption  that  the  whole  of 

the  lines  pass  through  the  tooth:  the  values  off  H  JB  when 

B=B:  and  when  B=B2  can  be  read  off  the  curve,  call  these 
values  a:  anda^  respectively,  the  mean  value  of  H  throughout 

the   tj'jth   w:II  then  be    °^~*^    and  from  this  the  ampere- 

Bj  —  Be 

mrns  a-e  directly  calculable. 

I:  is  convenient  that  Bi  and  B^  should  be  greater  than  B.- ; 
th.i:  :>  m  -.ntcgranng  the  H  B  cur\-e.  Br  should  be  ch-jsen 
snia'.r-  tha-  a:"!y  value  of  B  for  which  the  cur^-e  is  to  be 
used. 

A::  Approximate  correction  can  be  made  for  the  fact  that 
the  l:::cs  leak  int«j  the  slot  and  do  not  all  pas>  through  the 
tooth,  as  fol:o\v>: — 

Lit  L-  be  the  width  oi  tooth  at  the  bottom,  and  j  the 
width  ot  slot.  It  is  geneniUy  only  at  the  bottom  of  the  tooth 
where  the  inductions  are  high  that  the  leakage  into  the  slot 
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becomes  of  importance.  Let  the  real  induction  at  the 
bottom  of  the  tooth  be  B3  and  let  H3  be  the  corresponding 
value  of  H  ;  then 

c  B3  4-  <3t  H3  =  c  B2 

•'•  ^3+  ^  '^3=  ^2» 

B2  being,  as  before,  the  value  of  the  induction  calculated  on 
the  assumption  that  the  whole  of  the  lines  pass  through  the 
tooth.  Instead,  therefore,  of  integrating  the  (H  B)  curve  of 
the  iron,  first  plot  from  it  a  curve  with  H  as  abscissae  and 

B  +  -  H  as  ordinates.     Call  this  curve  the  (H  B)  curve  for 

this  particular  tooth;  integratethis  curve  and  proceed  exactly 
as  above. 

It  is  of  course  not  possible  in  practice  to  do  this  for  all 


values  of  the  ratio  -,  but  we  can  choose  two  or  three  con- 

venient  values   of   -  and   plot   corrected  curves  for   these 
c 

values.     In  any  given  case  we  can  use  the  nearest  curve 

without  any  serious  error,  as  the  ratio  -  does  not  usually 

vary  very  largely  in  different  machines  of  the  same  type. 

The  curves  (Fig.  i.)  have  been  in  practical  use  for  some 
considerable  time  with  satisfactory  results ;  (a)  is  plotted  as 
described  from  the  (H  B)  curve  for  soft  charcoal  iron,  and 

(6)  is  corrected  on  the  assumption  that  ^=1. 
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In  the  above  the  assmnptioc  is  made  tftat  tbe  indnctioa 

varies  unifonnhr  faetwcea  the  vahxes  B^  and  B^;  this  of 
coarse  is  ntDt  strictly  tme,  it  is  die  area  ot  the  tooth  ^rfaich 
varies  xinifor^Lly  berareen  j  and  b,  and  die  indactioo  is  the 
reciprocal  ot  this.  The  foCc'Wing  is  a  stricter  method^  the 
only  assamptioa  made  bein;^  that  m  any  one  to^jth  and  slot 
tbe  eqnipocendai  sortaces  are  cyiinorlcal  and  coaxial  with 
tbe  armanire. 

Let  .x  =  width   oi    sLac    *aee  Pi;^.  2), 

•?  =     ^      ot  tLX^ch  ar  top. 

j  =     «       ^      ^      ^  rooc 

.=  depth  ot  SLOC 

y  =  distance  measured  from  bottom 

y.^.      ,  Ot  slot. 

X  =  width  ot  tooth  at  point  v. 
B  =  indnctroci  a:  potnt  v. 
H  =  magnetic  f.rrce  »  y 
and  X  =  a;cal  Xo.  jC  lines  per  tooth  per  unit  length  of 

The  ampere-tums  nivpiired  oc  the  teeth  are  proportional 
txy  the  line  inxgral  *x  H  ;   we  therefore  want  to  find  the 


\%  e  r.;iTc  X  =  w*  —  :  r  —  J  I ".   .-.    - — = 


y 

t 

1 

t 
1 

1 

1 

.  w 

■JC 

4> 

L 

^ 

/ 

and  I    H  .-17  =  j  H  -  i- Jx 


JEX 
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i    H.Jx. 
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X 
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.  X 

~  B~ 

B 

H^ 

Am     ^ 

X 

J 

B 

dt> 
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"/3x 
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from 


(■•)/  H.dy 


N 


^^UB^a\  H.am 


J 


II. 


b-c\'-  \B 

From  the  known  H  B  curve  of  the  iron  used  we  can 
plot     once    for    all    curves    having    B    as    abscissae    and 

H  d  (  u")  and  I  H  d  (-^j  respectively  as  ordinates;  and 

the  values  corresponding  to  j3i  and  jSa  read  off  these 
curves  give  us  as  at  once  by  substitution  in  II.  the  line 
integial  of  H  for  the  tooth,  and  consequently  the  ampere- 
turns  required. 

In  order  to  find  the  proper  values  of  j3i  and  /Sa  we  have 


=  a 


N       aji 
B 

N       I 


a 


B 


HI 
B  I 


III. 


From  the  original  (H  B)  curve  plot  two  more  curves  with 

I  H 

B  as  abcissaj  and  —  and    -  respectively  as   ordinates  ;    we 

can   find   on   these  curves  two  values   of   B  which  when 

substituted  in  III.  will  make  x  equal  first  to  b  and  then  to 

c  ;  these  values  are  Bj  and  Ba  respectively. 

This  process  is  evidently  too  cumbersome  for  everyday 

use,  but  the  writer  has  seen  an  ingenious  model  due  to  Mr. 

C.  McMillan,  B.Sc,  which  being  set  to  the  two  constants 

r  '  N 

.  and    -  gives,  by  the  simultaneous  motion  of  four  tem- 

b  —  c  a 

plates   carrying  the  four  curves  above   mentioned,  direct 

readings   of    the  ampere-turns  required  ;   a  description  of 

this  instrument  is,  he  understands,  to  be  shortly  published 

by  Mr.  McMillan. 

It  has  been  already  pointed  out  that  it   is  when  the 

influence  of  the  teeth  reluctance  on  the  cross  field  is  in 


{»f 
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i:  1.^  ai>.  impii-'Uiir.  Il  nniict  thr  tirr:  or.  tiir  ii»r»ij.  Triui"^- 

V'lii:  L  C'vt-T.  :uiTu:>tr  r  'j"v>r— Tim-r  miat^  tin  v:nz  Zjlii. 
h"  ;.  sill :»:Ki-j:  1-1  a-n:aiu-i  iiu  i.^rx  fin::  •jni-"iiii  tin 
ani;u:irr  in i air  -»iii  :♦.•!:.  i^li  ir  ::iat;:Ttr:iatrr:'  l>:  iiir  c"  r-^ 
■:IIm^  uiiatr  tin  :vi:t.  ai.:.  r  i-  'nt:i  a=-^uTnrL  tha~  iitr  -.ini- 
iij  1 L  r    !:•'.'-     - '"    >  1 .  'ttr  L    a'maiir'r-  ;    tii:^ .  ii .  *  we  vtr"     i-    : ; .  •: 

Ltr  ViL  J  -r^-"r-v:r  i;ai-  Hit  n:ai"-ieii:  :::-Ju::  -  : 
r^-Tiani.  vin  -  anutr-^iir-ii^  .^:  t^aji  iimr  am  Z  .—  •=.- 
ani:>:ri-:u~::.-  ::::air  .nt  p.nr  a^-antr  tni  "niULian:-!  .r  tin 
i:ar  :^.-'\vr-j:  a-ii:a:i:'i  /.n  aii:.  •;"«.  ii  :^ji  i  rn  :a-^t 
:\^iura-r:  vn:  :i*a*  >■  tit:  'r>:  r  int  jr-.-m;  -:  :i;a-  irit 
aiii:>i:"i-::r^:r  .-.  ni.:'   :*:  .-.Ti-iiairTr  u.-  *ai  ajuni.  .ti.  iiu  _a:    . 
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This  will  be  independent  of  c  if  and  only  if 
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but 


lie 


=  0 


dc       \ ; LJdx 


dc 


-/ 


=  l/'(A4-fc)^J. 


-/ 


Expand  /'  (A  4--yC)  in  ascending  powers  of  x  and  let 

/•'  (A  ^^c)  =  Ko  +  Kx;»r  +  K^^x^  +  K.^ca  +  etc.     Then-^ 
/  "*  dc 

=  0  if  K,  K3  and  all  the  coefficients  of  odd  powers  of  x  are 
each  =  0,  i.e.,  if  /'  (A  +  ^c)  =  K©  +  Ka^  -f  K4^  -f  etc., 


(A.-;c) 


<//(A+fc)     , 


dx 


Substitute  the  value  of  /'  f  A  +  ~  x\  obtained  above,  and 
/(a +-fA-)  =  K+Ko^    + -^-^j^.f-^;r5+etc.      IV. 

is  the  necessary  condition  for  the  total  flux,  being  indepen- 
dent of  the  cross-turns  ;  but  if  A  +  -r^  represent  the  ampere- 
turns  at  any  point /f  A  +  7^  )  represents  the  corresponding 


induction. 


f^j:^'  r.jix^. 


"ir" 


•  .Ti.-:  -.1  I  Tm'y'vfJi-.fjp:  .iTTiarur'T  Lnir  r-.-tii  dux  li  arf;i.rcr=u  cv 
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This  result  can  be  obtained  directly  from  equation  IV.^ 
for  suppose  K3,  K4  and  all  coefficient  except  Ko  vanish, 


/./(a  +  |jr)  =  K  +  Ko 


which  will  give  a  straight  line  on  our  diagram. 

If,  however,  there  is  iron  in  the  gap,  such  as  the  teeth 
of  a  slotted  armature^  we  can  see  from  our  knowledge  of 
the  (H  B)  curve  of  iron  that  there  is  only  one  case  in 
which  the  magnetisation  curv^e  has  the  necessary  symmetry, 
that  is  when  the  point  (A  K)  coincides  with  the  point 
H=£>  B=o  of  the  iron  curve.  The  physical  meaning  of 
this  is  obvious  ;  if  there  are  no  ampere-turns  on  the 
magnets  the  total  flux  into  the  armature  is  o,  and  wnll 
remain  0  independently  of  whatever  cross- turns  there  may 
be.  Under  no  other  condition  can  the  true  magnetisation 
curve  have  the  required  symmetry,  and  therefore  under  no 
other  conditions  will  the  total  flux  into  the  armature  be 
independent  of  the  cross-turns. 

The  condition  thus  obtained  analytically  is  fairly  obvious 
from  the  purely  physical  conditions  of  the  problem;  only 
if  the  increased  induction  due  to  aji  m crease  of  ampere- 
turns  is  exactly  counterbalanced  by  an  equal  decrease  in 
the  induction  due  to  an  equal  decrease  in  ampere-turns 
can  the  reluctance  of  the  gap  remain  a  constant  with 
different  distributions  of  induction  under  the  pole. 

The  above  treatment  does  not  indicate  the  amount  by 
which  the  total  flux  may  be  varied  by  given  values  of  the 
cross- turns,  but  as  a  matter  of  experiment  this  value^  when 
the  teeth  are  worked  at  high  inductions,  is  far  from  negligible 
in  practice,  and  must  be  allowed  for  specially  in  the  case 
of  large  machines. 


ON  THE  ABSOLUTE  VALUES  OF  CAPACITY 
MEASUREMENTS. 

By  J,  Elton  Young,  Member, 

In  the  discussion  of  my  paper  on  "Capacity  Measure- 
ments of  Long  Submarine  Cables"  at  the  Institution  last 
May  {vide  Journal^  vol.  xxviii.  pp.  475  et  seq,),   some  un- 
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balancing  it  against  the  cable^  and  employing  this  value  in 
the  ordijiary  Gott  or  Thomson  mca^tirement  of  the  cable 
(see  p.  480  of  paper).  But  this  system,  by  leading  to  a 
variety  of  results  dependent  on  the  time  of  charging,  would 
tend  to  comphcate  instead  of  simplifying  tests. 

Hence  it  is  that  the  method  recommended,  under  the 
title  of  the  ''modified  Thomson/'  has  been  found  the  best 
plan  for  securing  uniformity  of  measurement,  notwithstand- 
ing that  it  yields  neither  the  surface  nor  the  total  capacity 
absolutely.  It  would  furnisli  the  former  were  it  not  that  it 
involves  the  discharging  and  mixing  of  residual  charges. 
Nor  does  it  determine  the  latter  strictly,  because  allowance 
is  not  made  for  the  variation  of  the  condenser  value  with 
time  in  connection  with  this  mixing  of  the  charges, 

1  do  not  think  it  is  necessary  to  reduce  our  measure- 
ments to  their  absolute  values,  since  they  are  all  derived 
from  paraffin  condensers.  But  it  is  therefore  desirable  to 
adhere  to  the  uniform  mode  of  observation  recommended, 
alike  in  the  factory  and  after  submersion,  thus  fixing  the 
datum  for  localisations  of  insulated  breaks  or  cuts. 

Since  it  appears  that  at  least  three  other  tests  for  inductive 
capacity  originated  with  Lord  Kelvin,  I  think  that,  as  Mr< 
Charles  Bright  suggested,  a  more  distinctive  title  than  the 
"  modified  Thomson  *'  might  be  given  to  the  method  in 
question.  I  accordingly  propose  to  call  it  Murphy's^  his 
right  to  be  associated  with  it  being  certainly  greater  than 
that  of  any  one  else- 

The  other  questions  raised  during  the  discussion  of  the 
subject  related  mainly  to  the  "  effective  "  capacity  of  sub- 
marine cables  for  signalling,  a  matter  of  the  greatest  interest, 
but  beyond  the  scope  of  this  communication.  We  are 
indebted  to  Mr*  Charles  Bright  for  laying  special  stress  on 
this  in  his  important  contribution  to  the  telegraphic  debate 
at  the  Institution  last  May;  and  I  should  like,  in  conclusion^ 
to  express  my  regret  that  his  remarks  received  so  little  notice 
in  the  reply  made  on  my  behalf  by  Mr*  Murphy.  It  is  due 
to  Mr.  Bright  to  say  that  his  criticisms  were  substantially 
accepted  by  me,  and  that  I  can  endorse  his  views,  with  the 
exception  of  the  idea,  which  seems  to  have  prevailed 
generally,  as  to  the  actual  results  of  cable  capacity  tests. 
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GENERAL  RILES    RELATING  TO  THE  CONSTITUTION 

AND  MANAGEMENT  OF  LOCAL  SECTIONS  IX 

THE  UNITED  KINGDOM. 

1.  Creation  c*  n  I^wji  St\'i:on. — The  Pciition  or  Request  to  the  Council 

procrihcd  by  Article  No.  65  oi  the  Article>  of  Association  as  a 
ncces>arA-  preliminary  to  the  creation  of  a  Local  Section,  shall  he 
signed  by  at  Ica>t  50  per>ons.  of  whom  ten  shall  be  Members  or 
A>>ociate  Member>  of  the  Institution  of  Electrical  Enpneers  or 
person >  qualified  to  belong  to  one  of  these  cLisses. 

2.  Mtmbcr>hip. — Tne  Membership  of  any  Local  Section  >hall  consist  of 

persons  who  are  members  of  any  class  of  the  Institution  of 
Electrical  En^neers.  and  whose  residence  or  occup»ation  is 
uithin  a  rea>onablc  di>tance  of  such  Local  Centre. 

3.  Subscriptions. — No    special    subscription    shall    be     required     from 

members  of  a  Local  Section,  in  addition  to  those  payable  to 
the  Institution  of  Electrical  Engineers  in  the  ordinary-  course  in 
accordance  with  the  Articles  of  Association. 

4.  Exftn<cs. — The  nece>sar\-  ordinarx*  expenses  of  a  Local  Section  >hall 

be  borne  by  the  Institution,  subject  to  a  limit,  in  the  form  of  a 
grant,  which  shall  be  fixed  annually  by  the  Council  in  ad\-ance. 

5.  Mamigt-mcnt  of  thi  Section. — The  affairs  of  each  Local  Section  shall 

be  managed  by  a  Committee  consisting  of  a  Chairman.  Vice- 
chairman,  and  Honorary-  Siecretar^-.  and  not  fewer  than  six 
members  of  whom  the  Chairman  shall  be  a  Member,  and  the 
Vice-chairman  a  Member.  Associate  Member  or  Associate  of  the 
Institution  of  Electrical  Engineers. 

6.  Hon.  Sicrctary<hip  0/  Section. — An  Honorary-  Secretary  of  the  Section 

shall  be  elected  by  the  Committee,  and  shall  be  of  any  rank  in 
the  Institution  above  that  of  Student. 

7.  Election  of  Oncers  and  Council. — The  mode  and  time  of  election  of 

the  Officers  and  Committee  shall  be  as  nearly  as  possible  the  same 
as  the  mode  and  time  of  election  of  the  Officers  and  Council  of  the 
Institution  of  Electrical  Engineers,  but  the  same  Chairman  and 
Vice-chairman  >h;dl  not  hold  their  respective  offices  for  two 
Years  in  succession,  and  no  one.  except  the  Honorary  Secretary*, 
shall  remain  a  member  of  the  Committee  in  the  same  capacity  for 
more  than  three  years  consecutively. 

8.  Rt'f*n'>cntation  on  Coumil  0/  tlw  Institution. — The  Chairman  of  each 

Local  Section  shall,  in  accordance  with  the  Articles  of  Associa- 
tion, be  cx'cnicio.  and  during  his  year  of  office,  a  Member  of  the 
Council  of  the  Institution. 
g.  Work  of  the  Committee. — The  Committee  shall  arrange  and  manage 
all  the  affairs  of  the  Section,  in  conformity,  so  far  as  is  possible, 
with  the  practice  of  the  Institution. 
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10.  Communications  to  the  Local  Section, — The  Committee  of  a  Local 

Section  shall  be  the  authority  for  the  acceptance  or  rejection  of 
papers  or  communications  to  be  read  at  the  Meetings  of  such 
Local  Section. 

11.  Publication  of  Papers, — Every  paper  or  communication  read  at  a 

meeting  of  a  Local  Section  shall  be  the  property  of  the  Institution, 
which  shall  have  a  prior  right  to  publish  it  in  the  Journal,  but  if 
that  right  be  not  exercised  within  a  reasonable  time  the  writer 
shall  be  at  liberty  to  publish  it  in  any  way  he  likes. 

12.  Publication  of  Discussions, — The  Committee  of  a  Local  Section  shall 

be  the  authority  to  determine  whether  the  report  of  any  discussion 
that  has  taken  place  at  such  Local  Section  shall  be  recommended 
for  publication  by  the  Institution.  • 

13.  Premiums, — Papers  read  at  Local  Sections  and  published  in  the 

Journal  of  the  Institution  shall,  for  the  purpose  of  award  of 
premiums,  be  deemed  to  have  been  read  at  an  Ordinary  General 
Meeting  of  the  Institution. 

14.  Dates  of  Meetings, — The  dates  of  meetings  of  a  Local  Section  shall 

be  fixed  by  the  Committee,  and  shall  be  announced  at  the 
beginning  of  the  Session. 

15.  Bye-laws, — Each  Local  Section  shall  be  at  liberty  to  prescribe  its 

own  Bye-laws. 

16.  Records, — A  copy  of  every  document  or  paper  printed  or  issued  by 

the  Committee  of  any  Local  Section  shall  be  forwarded  to  the 
Secretary  of  the  Institution  for  record  by  the  Institution. 
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9.  Work  of  the  Commiiice, — The  Comniittee  of  any  Loca.1  Section  shall 

arrange  and  manage  all  the  affairs  of  the  Section,  in  conformity, 
so  far  iLs  is  possible,  with  the  practice  of  the  Instittition. 

10,  Communkatfons  fa  th€  Local  Stdion^—ThG  Committee  of  a  Local 

Section  shall  be  the  authority  for  the  acceptance  or  rejection  of 
papers  or  communications  to  be  read  at  the  meetingsi  of  such 
Local  Section. 
Hi  PHbUcaiiou  of  Papers, — Every  paper  or  comniunicatlon  read  at  a 
meeting  of  a  Local  Section  shall  be  the  property  of  the  Inslitu- 
tiouj  which  shall  have  a  prior  right  to  publish  it  in  the  journal, 
bat  if  that  right  be  not  exercised  within  a  reasonable  time  the 
writer  shall  be  at  liberty  to  publish  it  in  any  way  he  likes. 

12.  PubUcaiion  of  Dmussions. — Permission  for  the  publication  of  any 

report  of  the  discussion  at  a  Local  Section  shall  rest  with  the 
Committee  of  the  Local  Section* 

13.  Prentiunts. — Papers  read  at  Local  Sections,  if  considered  by  the 

Council  worthy  of  pubhcation  in  the  Journal  of  the  Institution, 
shall  J  for  the  purpose  of  the  award  of  Premiums,  be  deemed  to 
have  been  read  Rt  an  Ordinary  General  Meeting  of  the  Institu- 
tion. 

14.  Dtitn  of  Meetings.— The  dates  of  meetings  of  a  Local  Section  shall  be 

fixed  by  the  Committee  and  shall  be  announced  at  the  beginning 
of  the  Session. 

15.  Bye-Luws. — Each  Ix>cal  Section  shall  be  at  liberty  to  prescribe  its 

own  Bye -Laws. 
16-  Records, — A  copy  of  every  document  or  paper  printed  or  issued  by 
the  Committee  of  any  Local  Section  shall  be  forwarded  to  the 
Secretary  of  the  Institution  for  record  by  the  Institution. 
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OBrrUART  NOTICESl 

MORGAN*  iL\i<K  SEV>_N'  i:cr:i  2:«  Vardi,  T^vti.  ^Twtf  i-i 
Oc?r.r*ir.  i**'jfy.  Mr.  Ec"::m  iiatl  n:ea  zxin^dtenbut  xmcs  En  Tiraiiis 
Cirac:::e5  m  hccii  JiennsC'ier-ri.  Fr:ni  :*74.  x  127:*.  ie  W3i?  Ji-iii  rae 
W-t-.rer::  irji  EniLliaz.  TtLdgric-i  Cinraiiy  2a  Sarertnttindcar  s  raeir 

ajgain  latir  >>e  serred  x-.rji  i£e<=r-r.  SJenens  Br:s.  ind  C:..  is  ■*{ei,iijcaex 
ir.  'Litz  resti-;^  :t  Tcrtiiar~.iie  car:ie<  iarznsi  Tranirrn'nxrs.  '-^7^'g  jmd 
rer:a:r.  Free  :Ti?j  1:  :'!^7.  ie  ictid  ja  eiecniizaii  jI  rie  tcrr^dc 
drrlsioc  rtrr-iched  x  rie  Arzirrrrt*  ind  Cbdias.  (3i:^TcnmeriE=:.  He  wik 
afrenrsrii  etnricyed  la  iarerinuciadia;^  rie  ^zaimnctarc  jnd  lariii^  of 
snhnianne  cahies  -Ji  riie  W-tic  Izdie:?.  jud  frj:ni  1S37  to  :S>>  he  was 
fTi (gaged  in  eiecrr-cal.  seciiaaic-l  izd  :tier  resting  work  ar  tiie  Pcsal 
T-tieCTich  Fact-irr.  M  lone  Peasanr  Lccdcn. 

Ht  via  iiecred  a  Member  :t  ru=  Iziar.r.irnn  on  die  rmr.  ct  M.st.  i^^cl 

THOMAS  BL'CKXEY  tptl*  rem  Deceauber  aie  i=t.  153^.  and 
died-  after  a  ihrrrt  iilce^a,  Fifenarr  zsL,  iodol 

He  xTti  f  jf  maay  jear*  head  :t  rie  cid  csoblsshed  ttrm  ot  E.  Dent 
&  Cc.  Ttto  are  chrcaotneter.  waich  arid  deck  nxakers  co  Her  Uaiesnr 
and  H.R.H.  rile  Prince  .:f  Wale:*,  and  whc  were  makers  or  rfie  gxeat 
cli:ck  ct  ±e  H;c<es  :t  Pariaaiear.  One  of  their  establiiiiaaents  in 
Haavaj  P.ace  La  a  cacccrv  t  :r  -^•-"^  rzrret  and  ocier  rirvks.  as  wefl 
as  Parenc  Mariz^e  Comrasses  and  other  scxeatinc  instrnmenrs. 

Mr.  Bockaej  zcf/iL  a  prcmiaear  part  in  designing  the  Scazviard 
SiderKL  Ccck  ar  Greenwich  Ob^rrarorv.  alio  Che  Gohranic  Chrooo 
graroi  at  che  Bnx^sieis  and  Japraa  Observatories.  He  cook  an  active 
parr  in  arranging  c&zcks  for  recording  che  transit  ot  Venns  in  1872.  He 
alsc  designed  galvanic  ccncact-work  t<Dr  chips'  chroncmecers^  One  of 
his  latest  wcrk^;  was  designing  and  cccstmcting  the  ckw  great  clock  for 
che  cathedral  at  Gifi-ccesto'. 

Mr.  Bcckney  read  a  paper  in  Jannarr.  iNto.  before  cfae  Roral 
A5tr:o:c:icaI  Scciecy.  ot  which  he  was  a  Fellow,  on  a  proposed  new 
Unit  irra  Presscre  Clock. 

He  was  a  Member  of  che  Clockmaker^'  Companv.  the  losticntions  of 
Electrical  and  Mechanical  Engineers,  tke  Societv  of  Arts,  and  the 
Cccmirtee  arcc-inttd  by  che  Bricish  Association  for  the  pnrpose  of 
detenziiaing  a  universal  gange  for  che  dxmensiocis  and  pitches  of  screws 
empioyed  in  electrical  and  other  apparatns. 

He  was  elected  a  Member  of  this  Institntion  on  the  i^th  of 
Jannarr.  iSst.  A.S. 

MArrHEW  COOPER.— By  -^e  death  of  Mr.  Matthew  Cooper  the 
Insticntion  has  lost  one  of  itS  earliet  members.  The  deceased  gentleman 
was  found  dead  in  a  train  at  Finsbury  Park  station  on  his  way  to  the 
City  on  che  morning  cf  Thnrsday.  March  8th.  He  originally  entered 
the  service  cf  the  Electric  and  Intematioaal  Telegraph  Company  in 
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i86i,and  was  transferred  to  the  Postal  Telegraph  Ser\nce  in  1870,  when 

the  various  Telegraph  Companies  in  the  United  Kingdom  were  acquired 
by  the  State.  From  that  time  until  1878,  Mr,  Cooper  was  engaged  in  a 
Krancli  which  was  organised  to  deal  with  special  events  arising  through* 
out  the  country,  and  in  that  capacity  he  took  charge  of  the  telegraphs  at 
Sandringliam  when  the  Prince  of  Wales  was  in  residence. 

Subsequent  to  the  year  1878,  Mr,  Cooper  was  attached  to  the  staff 
of  the  Engineer-in -chiefs  and  at  the  time  of  his  death  he  held  the 
position  of  Principal  Technical  Officer.  He  was  associated  with  the 
deveJopment  of  the  various  systems  of  telegraphy  which  have  been 
brought  into  use  in  the  Post  Ofl&ce  during  the  past  twenty  years.  He 
took  an  active  share  in  improving  duplex  telegraphy,  and  subsequently 
the  successful  working  of  the  quadruplex  and  multiplex  systems  was 
largely  due  to  the  untiring  energy  with  which  he  devoted  his  extensive 
knowledge  of  details  and  his  me  chemical  skill  to  t^eir  development. 
Since  the  introduction  of  the  telephone,  Mr,  Cooper  has  been  associated 
with  its  extension  in  the  Postal  Service,  and  for  some  time  past  he  had 
been  engaged  in  working  out  details  for  the  equipment  of  the  teleplione 
exchanges  which  are  to  be  installed  in  connection  with  the  proposed 
Government  scheme  for  the  telephoning  of  London.  Mr.  Cooper 
served  as  an  Associate  Memt»er  of  Council  of  the  Institution  in  the  year 
1892,  His  untimely  death  occurred  at  the  comparatively  early  age  of 
fifty- thpee. 

His  resourceful  tact  and  the  geniality  of  his  disposition  endeared 
him  to  all  with  whom  he  h^id  business  relations,  and  his  loss  has  been 
much  felt* 

He  was  elected  an  Associate  of  this  Institution  on  the  j:4th  of 
April,  1880.  J.  G* 

MONTAGU  CHARLES  DENT  received  his  education  from  18S5 
to  i88g  at  Eton,  and  at  King's  College,  London,  from  1890  to  1891.  He 
^served  his  time  with  Messrs,  Robey  and  Co,^  Lincoln,  from  1892  to 
1894,  and  also  at  the  works  of  the  Brush  Electrical  Engineering  Com- 
pany, Limited,  Loughborough,  Leicestershire!  from  18^)4  to  1896, 

During  1896  and  part  of  1H97  he  ^lis  employed  on  installation  work 
at  Arundel  Castle,  on  central  station  work  at  the  Wandsworth  electric 
light  station,  and  in  the  erection  of  the  exhibition  plant  at  the  EarFs 
Court  Exhibition,  On  October  ist»  1H98,  he  joined  Mr*  Reginald  J. 
Wallis*Jones  in  p*irtnersbip  as  consulting  engineers  in  Westminster,  and 
carried  out  several  important  installations  of  electric  light  and  power 
plants.  He  died  at  the  age  of  27,  on  June  28th,  1890,  after  a  very  short 
illness  subsequent  to  an  internal  operation. 

He  was  elected  an  Associate  of  this  Institution  on  the  15th  of 
December,  1898,  and  was  transferred  to  the  class  of  Associate  Members 
on  the  glh  of  February,  1899,  R,  S*  W, 

JAMES  DRUMMOND  DOYLE,  who  died  at  the  age  of  forty-fotir, 
on  the  7th  of  Decemberj  1899,  was  the  son  of  a  well-known  Australian 
journalist  He  commenced  his  life's  vifork  at  the  age  of  thirteen  in  the 
Department   of   Railways   itt   Victoria,      Having  matriculated  at  the 
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Iht:  ftrm  ci  Skcmcns  and  HaJske,  ami  Mr*  Epstein  became  Oie  difvcior 
i4  tlic  aecutmilalor  drpattoient  oj^  Ibat  6nn.  He  married  iq  1886,  tn 
iMB^  be  became  wmamXf  wMeded  by  kad  pQt.'^Knng^  axid  dtiriog  his 
comodescoioebe  toolt  tbe  opportunity  to  reconsider  the  wbole  qnestioa 
ol  accustmiaior  mamrfacttgy.  Up  to  Ibat  time  be  bad  adhered  to  the 
pMlcd  iOrJd  Kfstetn  of  making  platen ;  tbeoccf onvird  he  became  the 
apoide  of  the  modified  Plantc. 

In  1890  h<-'  hrciught  his  new  plates  to  London*  and  iifitT  uodcrgoing 
severe  lust*  I  hey  wtrc  taken  up  by  Woodhonse  and  Rjiwson^  Limited^ 
aiKJ  a  year  laier  the  Epstein  Company  was  formed* 

71  ve  rc?(ii)t^  ohlaincd  showed  that  a  great  ^ep  in  advance  had  been 
miid«^,  and  (fie  Kp^itcin  cells  rapidly  came  into  favour  on  acootuit  of 
tbdf  Ireedom  from  mo^t  of  liic  weaknesses  long  associated  with 
accy  miilator^ 

Mr.  PIp»tetn  noon  attacked  the  problem  of  accumulator  tractioiv 
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though  the  figures  obtained  during  a  two  years'  trial  on  a  section  of  the 
Birmingham  tramways  were  not  encouraging  to  the  c;iuse  in  England  j 
but,  as  was  acknowledged  afterwards  in  the.dii&cussion  of  a  paper  on  the 
subject  of  electric  traction  at  the  Institution  of  Electrical  Engineers  by 
Mr.  Epstein,  the  fault  lay  not  with  the  accumulators  but  with  the 
installation  of  the  sj^tem* 

Mr.  Epstein  had  set  himself  a  high  ideal  for  an  accumulator,  and 
towards  this  he  continued  to  press.  Experiments  were  constantly 
carried  on  in  his  private  laboratory  at  Richmond.  The  application  of 
accumulators  to  launches,  torpedoes,  and  traction  work  generally 
occupied  the  whole  of  his  tirrie,  and  to  the  last  he  was  at  work  on  an 
improved  form  of  traction  cell.  His  early  death  was  caused  by  the 
worry  of  litigation  affecting  an  impetuous  mind  concentrated  ypon 
arriving  at  perfection.  His  great  experience  of  accumulators  made 
him  a  valuable  authoritj^  On  the  subject,  and  though  an  enthusiast  in 
his  special  line  he  always  recognised  the  limitations  of  the  lead 
accumulator,  and  was  ready  to  try  any  substitute  which  showed 
promise  of  success* 

He  was  a  great  admirer  of  all  things  English  ;  if  he  had  lived  he 
had  intended  to  become  a  naturalised  British  subject.  He  leaves  a 
widow  and  one  boy. 

He  became  an  Associate  of  the  Institution  on  the  24th  of  Kovcmber, 
1892,  and  w*as  transferred  to  the  class  of  Members  on  the  25th  of 
February,  1897.  His  paper  on  **  Accumujator  Traction  on  Rails  and 
Ordinary  Roads"  was  read  at  the  Ordinary  General  Meeting  on  the 
lith  of  November,  18^7. 

W,  S.  R, 

DAVID  EDWARD  HUGHES,  F.RS,— On  the  22nd  of  Janu^iry  in 
the  present  year  death  deprived  the:  world  of  Science  and  this  Institution 
of  one  of  the  most  brilliant  experimental  discoverers  and  inventors  of  the 
century  ;  and  at  the  same  time  a  large  circle  of  friends  lost  one  of  their 
number  whom  they  loved  and  greatly  admired. 

David  Edward  Hughes  was  a  Welshman  by  parentage^  a  Londoner 
by  birth,  and  for  some  twenty  years  an  American  by  adoption,  return- 
ing in  J ^57  to  this  country,  where  he  settled  and  remained  until  his 
death.  Born  in  London  on  the  i6th  of  May,  1830,  he,  with  his  parents, 
migrated  to  Virginia  wlien  he  was  barely  seven  years  old.  From  a 
very  early  age  the  boy  displayed  a  remarkable  talent  for  music,  and 
this  developed  to  such  an  extent  that  at  the  age  of  nineteen  he  was 
appointed  Professor  of  Music  in  the  Bardstown  College  in  Kentucky  j 
but  side  by  side  with  his  love  of  music  was,  at  the  same  ti  me^  develop- 
ing a  iove  for  experimental  science,  chiefly  in  the  domain  of  Physics* 
After  holding  his  musical  professorship  for  a  short  time  he  w^is  ap- 
pointed to  the  Chair  of  Natural  Philosophy  in  the  same  college^  and  for 
a  time  taught  both  Music  and  Physics.  It  was  during  this  period  that 
he  first  conceived  the  idea  of  the  Printing  Telegraph  with  whic  h  his 
name  must  ever  be  associated.  The  Hughes  Type  Printer  is  so  well 
know*n  to  the  readers  of  this  Journal  that  it  w^ould  be  superfluous  to 
describe  it ;  but  one  of  its  essential  characteristics  is  the  wonderfully 
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gallipots  and  lamp  chmmeys,  copper  hell  wire,  sheet  zinc  and  pipe- 
clay, and  tt  was  always  the  delight  and  admiratjon  o(  ull  who  had  the 
privilege  of  seeing  bim  at  w^ork  to  observe  the  spirit  of  the  true  phtlo- 
sophcr  who,  with  such  apparently  rough  apparatus^  attained  such 
accurate  and  important  results. 

In  the  month  of  May,  1878,  a  few  friends  as^mbled  at  his  rooms  in 
Great  Pordand  Street  to  witness  some  demonstrations  of  what  was  then 
thought  to  be  the  discovery  by  Professor  Hughes  of  **  a  material  which 
bore  an  analogous  rebtion  to  sound  that  selenium  bore  to  light/'  but 
which  was  the  first  demonstration  of  the  epoch-making  Microphone  ; 
this  little  gathering  consisted  of  the  late  Professor  Haxley,  Mr.  (now 
Sir}  William  Prcece,  Mr.  (now  Sir)  Norman  Lockyer.  Mr.  Conrad  Cooke, 
and  Mr  Perry  Nursey.  The  experiments  were  repeated  at  the  Meeting 
of  the  Royal  Societ\'  in  the  following  week  ;  and  an  illustrated  descrip- 
tion, in  which  the  now  accepted  theor\'  0/  the  action  of  the  Microphone 
was  given  for  the  first  time,  appeared  in  the  colunms  of  Engintmng  the 
next  day. 

Tt  is  not  too  much  to  say  that,  but  for  the  discovery  by  Professor 
Hughes  of  the  variation  of  electrical  resistance  by  the  variation  of 
surface  contact  between  two  or  more  conductors  touching  lightly 
together  in  exact  proportion  to  sonorous  waves  impinging  upon  thcnit 
whereby  they  are  set  into  sympathetic  vibration,  the  telephone  could 
never  have  l>een  made  the  practical  instrument  that  w^e  know  to-day; 
and  although  Professor  Hughes  fully  appreciated  the  future  there  was 
before  the  mi  crop  hone »  he  refused  all  suggestions  of  converting  it  to 
commercial  use  for  his  own  benefit,  and  gave  the  invention  and  dis- 
covery freely  to  the  world  as  the  true  man  of  Science  that  he  w^as. 

The  microphone  was  almost  immediately  followed  by  his  Induction 
Balance,  by  which  the  presence  of  an  inductive  mass  may  be  detected 
at  a  distance*  and  it  will  be  within  the  memory  of  many  who  read  this 
notice  that  it  was  successfully  applied  to  locating  the  bullet  in  the  body 
of  President  Garfield,  w^ho  died  by  the  hand  of  an  assassin  in  the  year 
1 88 1.  It  is  also  applicable  to  the  tracing  of  metallic  ores  in  the  earth, 
and,  by  a  simple  modification,  it  becomes  an  instrument  for  measuring 
the  sensitiveness  of  the  sense  of  hearing. 

The  subject  of  transmitting  telegraphic  signals  from  one  station  to 
another  w^ithout  a  metallic  conductor  betijveen  them  engaged  the 
attention  of  Professor  Hughes  between  1879  and  18B6,  and  there  is  no 
doubt  that  he  discovered  at  that  time  the  fact  that  poor  conductors, 
such  as  finely-divided  metals  or  carlxjn^  become  good  conductors  under 
the  infiuence  of  electric  waves,  a  discovery  which  was  subsequently 
made  by  M.  Branly,  and  which  we  now  know  as  the  phenomenon  of 
cohesion  by  the  impact  of  etheric  or  Hertzian  waves.  With  such  a 
coherer,  Professor  Hughes,  some  twenty  years  ago,  in  the  presence  of 
Professor  Huxley*  Professor  Stokes,  and  Mr,  Spottiswoode  (then  Presi- 
dent of  the  Royal  Society),  transmitted  electric  signals  without  connect- 
ing wires  to  a  distance  of  five  hundred  yards,  and  attributed  the  action 
of  the  CO ml>i nation  to  the  results  of  electric  waves  produced  by  the 
extra  current  from  an  rndoction  coil  beatiag  upon  a  microphone  con- 
sisting of  a  semi-metallic  l^owder* 
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Professor  Hughes  was  elected  a  foreign  member  of  this  institutieii 

then  the  Society  of  Telegraph  Engineer s^  in  November^  1872,  bcs^ 
transferred  to  the  class  of  Members  in  1879.  In  the  following  jrcar  h 
was  elected  a  Member  of  Council ;  in  1S83  he  bccamt.'  a  Vice-President 
andt  in  1886,  he  was  selected  for,  and  unanimously  elected  to*  tiie  offio 
of  President  of  the  Society, 

In  addition   to  bis  Presidential  Address  on  '*  Self-induction  of  ai 
Electric  Current  in  Relation  to  the  Nature  and  Form  of  its  Conduct<^/ 
he  read  before  the  Institution  the  following  papers-  — 
* 

'*  Experimental  Researches  into  Means  of  Pre^entiog  lodiictioi 

upon  Lateral  Wires/' 
'*  Note  on  some  Effects  produced  by  the  Immersion  of  Steel  anc 

Iron  Wire  in  Acidulated  Water." 
"The  Cause  of  Evident   Magnetism  in   Iron,  Steel,  and   otliei 

Magnetic  Bodies." 
**  The  Physical  Action  of  the  Microphone.** 
**  Oil  as  an  Insulator/' 

He  also^  in  the  Journal,  published  a  *•  Communication''  in  reference 
to  Standard  of  Light,  and,  in  conjunction  with  Sir  Charles  Bright,  con- 
tributed tlic  Report  upon  the  International  Exhibition  of  Electricity  in 
Paris.  1881. 

In  the  year  1880  he  was  elected  a  Fellow  of  the  Royal  Society,  and 
five  years  later  he  received  the  Royal  Society's  Gold  Medal,  which  was 
awarded  "  for  Experimental  Research  in  Electricity  and  Magnetisio, 
and  for  the  Invention  of  the  Microphone,  Induction  Balance,  and 
Sonometer/"  He  was  a  Life  Member  of  the  Society  of  Arts,  and  two 
years  ago  lie  was  awarded  the  Albert  Medal  of  the  Society  for  his  di*i- 
tinguished  services  to  the  cause  of  Science  and  '*  in  recognition  of  the 
service  he  has  rendered  to  Arts.  Manufactures,  and  Commerce  by  his 
numerous  inventions  in  EIectncit>'  and  Magnetism,  especiatly  the 
Printing  Telegraph  and  the  Microphone/' 

He  was  in  the  year  1889  elected  one  of  the  Managers  of  the  Royai 
Institution,  becoming  Vice-President  in  1891, 

Professor  Hughes,  l>e&ides  being  an  enthusiastic  worker  in  Science 
and  a  great  inventor,  had  another  side  to  his  character  which  will 
render  him  none  the  less  missed  in  the  world.  He  was  simple  in  his 
tastes  and  modest  as  to  his  exceptional  geniu^i :  he  was  one  of  the  best 
and  most  genial  of  companions,  with  a  keen  sense  of  the  ridicnlous, 
thoroughly  appreciative  of  fun  in  others,  and  those  who  were  privileged 
to  belong  to  the  little  coterie  that  used  to  meet  at  luncheon  three  tiiiHss 
a  week,  first  at  the  Horseshoe,  Tottenham  Court  Road,  afterwards  it 
the  Societe  NationaJe  Fran^aise^  and  ultimately  at  Frascati's  Restaurant, 
will  ever  recall  with  pride  atid  happy  remembrance  his  genial  comrade^ 
ship,  his  merry  and  contagious  laugh,  his  inexhaustible  fund  of  informa- 
tion or  stor>^  and  simple  and  lovable  disposition*  His  memory'  will  be 
revered  by  the  world  at  large,  but  by  that  inner  circle  of  his  intimate 
friends  that  memory  will  be  cherished  with  a  loving  tcndcrucs>. 
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^V  FRANK  KING,  who  died  on  Tliursday,  Atigust  3,  1899,  at  the  age 

^H  forty-five,  was  one  of  those  electrical  engineers  who,  since  1880^  have 

^Ben  intimately  connected  with  works  of  electrical  distribution  and 

H)rage, 

^B  Hiis  name^  associated  with  those  of  Messrs*  Brougham  and  Taylar, 

^Kcame  known  in  the  pioneer  days  of  town  electric  lighting  as  one  of 

^^e  inventors  of  the  B,T,K,  accumulator,  used  first  at  Colchester  in 

H    Soon  after  joining  the  Electric  Power  Storage  Company  in  1886  he 
^nrned  hi^  attention,  not  only  to  the  improvement  of  accumuiators,  but 
l^bso  to  the  association  of  storage  with  distribution  on  a  larger  scale 
than  had  been  previously  attempted. 

At  that  time  the  numerous  failures  with  secondary  batteries  in 
private  installations  had  led  many  to  doubt  if  so  costly  though  con- 
v*enient  an  adjunct  to  electric  lighting  would  succeed  commercially, 
and  it  required  a  man  of  Mr.  King's  perseverance  and  ingenuity  to 
apply  the  experience  which  these  failures  provided,  so  as  to  arrive  at 
the  success  which  is  now  taken  for  granted. 

He  improved  the  means  :  of  fixing  and  insulating  the  plates,  th© 
•  prevention  of  short-circuiting  within  the  celt,  and  of  removing,  re- 
I  placing  and  connecting  them*  These  improvements  were  the  subject 
of  patents  of  which  little  may  now  be  ttiought,  but  which  at  the  time 
covered  valuable  adaptations,  the  use  of  which  had  the  effect  of 
removing  many  of  the  difficulties  and  much  of  the  prejudice  which  at 
first,  between  1883  and  1887,  existed  against  the  use  of  accumulators. 

While  following  up  these  minor  improvements,  Mr*  King  turned  his 
attention  to  the  use  of  accumulators  on  a  large  scaie  in  c"onnection  with 
the  public  supply  and  distribution  of  electricity,  and  there  is  httle  doubt 
he  looked  forw*ard  to  the  time  w*hcn  this  kind  of  transformation  would 
be  in  universal  use. 

For  purposes  of  practical  application  he  designed  a  combination  of 
apparatus  and  circuits  whereby  the  charge  and  discharge  of  secondary 
batteries  was  automatically  accomplished  at  the  proper  times  wuthout 
interruption  of  the  charging  or  discharging  circuits,  and  whereby  the 
charging  current^  which  was  of  high  tensiotii  was  prevented  from 
reaching  the  distribuling  mains. 

The  system  wiiich  formed  the  subject  of  Mr.  King's  patents  of  1886 
and  1887  formed  part  of  the  original  installation  of  the  Chelsea  Electricity 
Supply  Company  in  1889,  and  the  whole  of  the  apparatus  w^as  designed 
and  installed  in  Chelsea  (and  in  a  part  of  Kensington,  which  was  then 
included  in  the  Chelsea  order)  by  Mr.  King  as  engineer  of  the  Electric 
Power  Storage  Company. 

In  the  same  year  it  was  descrit>ed  to  a  meeting  of  G  Section  of  the 
Briti>h  Association  at  Newcastle  by  Major-General  Web  her  ♦  who  at 
the  time  was  in  charge  of  the  engineering  management  of  the  Chelsea 
Company,  and  later  on  it  was  again  described  by  him  in  a  paper  read 
before  the  Institution,  and  published  in  VoL  XX*  of  the  Journal. 

The  chief  objects  of  the  inventor,  namely,  (1)  for  effticting  his  object 
^without  interrupting  the  supply  ;  (l)  for  automatically  indicaling  the 
^fepmpletion  of  the  chargitig  of  each  set  of  balleries ;  (3)  for  automatically. 
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on  such  completion,  chan^ng  a  set  of  batteries  from  a  posit Jon  of  bcmg 
charjicd  to  one  of  being  discharged,  reqmrmg  the  transposition  of  ib 
coniiecttoiis  from  series  to  parallel  and  vic£  pen^  ;  and  (4)  the  employ- 
ment of  counter  electro* motive  force-cells  and  controlling  apparatns 
for  regulatiiig  the  presstirc  in  the  discharge  circuit*  was  carried  out,  not 
only  in  theory  but  in  practice^  all  possible  conditions  having  boeti 
anticipated  and  provided  for* 

As  with  ottief  appliances,  experience  showed  that,  as  the  network 
isS  dtstributioii  extended  and  the  demand  for  current  increasedt  the 
same  ends  could  t>e  secured  by  more  simplt?  methods. 

Soon  after  tSgj,  when  Mr,  King  was  appointed  to  the  engineering 
management  of  the  Chelsea  Company^  while  the  large  use  of  stttrage 
continued  to  be  the  chief  characteristic  of  the  system  in  that  parish^ 
the  use  of  this  remarkable  e^iample  of  Mrp  King's  inventive  genius  was 
discontinued. 

To  his  ripe  experience  the  Chelsea  Company  owes  the  design  not 
only  of  their  present  centra!  station  in  Manor  Street,  Chelsea  {which, 
since  his  deaths  has  l>een  completed),  but  also  of  several  of  their 
continuous  current  transforming  stations^  in  each  of  which  are  placed 
large  batteries  of  accumulators,  of  a  capacity  to  provide  the  summer 
daylight  load,  within  the  districts  of  which  these  sub-stations  form  the 
centre  of  suppl}^ 

Mr.  King  was  elected  an  Associate  of  this  Institution  on  the  nth  of 
December,  1S84,  and  was  transferred  to  the  class  of  Members  on  ihe 
loth  of  January,  1M9,  Although  he  never  contributed  a  paper,  he 
sometimes  look  part  in  the  discussions  at  meetings  of  the  Institution. 

C,  E,  W. 

BENJAMIN  SMITH,  who  died  on  the  gth  of  August,  1899,  was 
born  in  1S3S,  at  Newhaven^  near  Brighton*  He  was  educated  m 
Newhaven,  and  gained  his  earliest  business  experience  in  a  bank  in  that 
town.  He  was  next  attached,  first  to  the  Electric  and  International 
Company,  and  then  to  the  telegraph  department  of  the  London^ 
Brighton,  and  South  Coast  Railway  Company.  Leaving  this  employ- 
ment in  i**57,  he  was  with  the  Atlantic  Telegraph  Company  until  1861, 
during  which  period  he  acted  as  an  assistant  electrician  in  the  expedition 
which  successfully  laid  the  1B58  Atlantic  cable.  He  afterwards  joined 
Messrs,  Glass,  Elliott  &  Company,  and  obtained  with  ihcni  considerable 
experience  in  cable*laying.  At  a  later  date  he  joined  the  Eastern 
Telegraph  Company,  serving  successively  at  Tripoli,  Malta,  Aden, 
Alexandria,  and  Bombay,  In  1879  he  was  transferred  to  the  Eastern 
and  South  African  Company,  and  from  18^2  until  1899  was  their 
divisional  manager  at  Alexandria,  By  his  work  in  the  decade  1870-18S0 
he  contributed  substantially  to  the  development  of  duplex  telegraphy 
as  applied  to  submarine  work,  and  introduced  a  bridge  method  of  his 
own  in  1876*  In  1879,  with  the  aid  of  his  recorder-switch,  he  intro- 
duced a  "  human  relay  system,"  by  which  was  facilitated  the  forwarding 
of  messages  through  intermediate  stations  in  which  no  electro- 
mechanical  relay  was  used.  He  received  several  decorations  from  tlic 
Egyptian  Government  in  recognition  of  his  services  at  various  times.. 
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He  was  elected  an  Associate  of  this  Institution  on  the  9th  of 
December,  1874,  and  was  transferred  to  the  class  of  Members  on  the 
i6th  of  July,  1897. 

FREDERICK  WYLES  was  a  native  of  Kent,  and  studied  engineer- 
ing work  at  Rochester  and  Chatham.  Upon  the  recommendation  of 
Sir  William  Preece,  he  was  appointed  Assistant  Telegraph  Engineer  to 
the  London  and  South- Western  Railway  Company  in  succession  to 
Mr.  A.  R.  M.  Simkins,  on  October  i,  1883.  For  seventeen  years  he 
distinguished  himself  by  a  comprehensive  thoroughness  in  his  work, 
combined  with  an  earnestness  and  amiability  which  won  for  him  the 
esteem  of  all  with  whom  he  came  in  contact.  The  South- Western 
Railway  Company  have  lost  a  most  respected  and  efficient  officer,  who 
seemed  destined  to  take  a  foremost  position  amongst  railway  electrical 
men.  After  an  illness  of  a  few  days,  he  succumbed,  to  pneumonia 
following  on  a  chill,  on  the  7th  of  May,  at  the  age  of  thirty-nhie  years. 

He  was  elected  an  Associate  of  this  Institution  on  the  i8th  of 
January,  1883,  and  was  transferred  to  the  class  of  Members  on  the  8th 
of  March,  1888. 

C.  G. 


NOTICE. 


1,  The  Institution's  Library  is  open  to  members  of  all 

Scientific  Bodies,  and  (on  application  to  the  Secre- 
tary) to  the  Public  generaUy. 

2.  The  Library  is  open  (except  from  the  14th  August  to 

the  16th  September)  daily  between  the  hours  of 
10.0  a.m*  and  6,30  p*m.,  except  on  Saturdays,  when 
it  closes  at  2<0  p.m. 

An  Index,  compiled  by  the  late  Librarian,  to  the 
first  ten  volumes  of  the  Journal  {years  1872-81),  and  an 
Index,  compiled  under  the  direction  of  the  late  Secretary, 
to  the  second  ten  volumes  (years  1882-gi),  can  be  had 
on  application  to  the  Secretary,  or  to  Messrs >  E,  and 
F.  N.  Spon,  125,  Strand,  W,C.  Price  Two  Shillings  and 
Sixpence  each. 


Extracts  from  the  Private  LfCtters  (i 836-1839)  of  the  late 
SIR  WILLIAM    POTHERCILL   COOKE, 

RELATING    T*"* 

THE  INVENTION  AND  DEVELOPMENT  OF  THE  ELECTRIC 
TELEGRAPH. 

With  PortrsJt,  fac-simUes  of  Sketches  occurring  in  the  Letters,  mud  of 
90me  of  the  Origiyial  Handwritmg* 

Priise  3s« 

C&pics  may  he  obiaitud  on  aj^piiaitioti  to  the  Putli$hrn,  Messrs.  E,  ahi> 
h\  N.  Spojh,  Limited,  125,  Stttimi,  Qt  fa  Hw  Secretary  q}  the  ittmhthifn  &) 
Eieidrical  Engimtn^  28»  Vtchria  Strtei^  Westminster, 


Applications  for  spa,Ge  for  Advcrtiscmont&  in  %hh  Journal  should  be  made 
to  the  SecreLiry  of  the  InsliluHon,  28,  Victoria  Street^  S,\V*,  Umn  whtim  piarli- 
iml^ir^  ^  U*  terms  mav  be  obtained. 
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